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ABSTHACT 

Thi;i material iugludsj^ studeDt guide sheets^ 
r^fereiH;^^ iiidtei:Ial, and cap^^ ^ciiipt for the a uclig-t u torial unit oil 
H yd rosystews* A set of SSmin slides and pudio tapt are used with the 
mati^xials* The material is deaigned for use uith Connecticut schools, 
but can be adapted to other localities* This unit is designed to 
preMDt information on vat^r and the hydrosystem which aust be 
considered in land uar? decision laaking, Eniphasi^^a are the hydrologic 
cycl©, ground water, watershed ar^a^i^ and the effects of human uoe on 
the hydrosy^itGm, (RH) 



* Documents acquired by EEIC include ntany informal unpublisbed ^ 

* materials not available froa other sources. ERIC aakes eveiy effort * 

* to obtain the best copy availahle, NevertheIesS|. items of marginal ^ 
^ reproducibility are often encountered and this affects the quality ^ 

* of the microfiche and hardcopy reproductions EBrc DQakes available * 

* via the EEIC Document Reprodiic tio n Service (EDBS) * EDBS is not * 

* responsible for the guallty of the original dociifflent. Reproductions * 

* supplied by IDBS are the best that can he made from the original- * 
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WMfN Till WFl.i HI ins DRY, 

'ir WTi 1 KMOW riif: wnRTu of w/\Tri^ 

These words arn an ant reniindGr of tho imnortarrn tlirit v\^\j'X itLiolf arul the 
system that maintains our water has in our livo^* Thin unit in HnninncH to nrrn^*nf: 
Information on Writer finci tfie fiyflrnsystfHn which f^ust t-e conn iHnrrMi in land uin dnci 
Sinn makinq, Mnrn nnnci finally, at thr^ ronclusion of thl^ unit nn hydrof^ys terns , von 
should bo ablo tn: 

1, nnscrihn thn hydrnlnqic ryrin, 

Idnntifv ^ontions of t'lo hyHrolonic c:vrlo that hdvn f^^^rn rj.in's intnrv^ni- 
tion. 

1. Hescribe the irnportcince of thn qround water sy^tnr^ and idf^ntify th^? corn- 
ponnntn of this sv^t(nn, 

[dentify waterfdien aredb and state their iniportanci!. 

5. romnarp nnd cnntrfint w^^^tlands and flood nlains and rii'-rir^^, thrnV ininnrtan^n 
in the hvdrolonic cycle, 

f) , Reconnize the imnortancf? and value of flood nlains. 

1 . SD^ecify limitation and assunintions about the locations of well""! in aqulfrrn. 
in qlacial till, in bedrock, near coastlines or near a sanitary landfill. 

8. nnscribe the system of v/ater nualitv standards in rinw Ennland. 

9. necoqnize and cite evidpnce wi ^.h regard to concern far erosion and subsn- 
n'jent sedimentation deposition in boiles of water. 

10. Describe the limi tati nns that the hydrosyitern places on tho Incation of 
sen tic tank systems. 

11. [)i3cyss critically the effects of urbanization on thfi hydrosystem. 

1?. Identify the considerations that the hydroxys tem impo^-es on land us de- 
ci si on niak ing . 

As you nroceed throunh this unit, reel free to ':^too the recorder and study 
quide sheets that reauire adriiti nn tinx? for analysis and internr^tation. Wn knov/ 
that you will find information in this unit to he of qroat value in under standinn 
the imnortance of the hydrosystenu 

BE \ RlCYCLCR Y^'PSELF. UHITE YO^'R Cn^^^^^HTS, finTES. AliSVJCn^ 0:1 SnPA^ ^^^ER 
INSTEAn OF THESE GlJIuE SHEETS, IN THIS MY, THESE nuinE SHEETS WILL RE AVAILARLE FOR 
THE NEXT PERSON IN YOUR COMMIifllTY WHO WILL Bt MAKKin !ISE OF THIS UNIT. 
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Rfttu»*n to t^^e narr*itiv^ aftP»r studying this quide sheet. Turn the recnrdnr nr, 




or rock. Iht? , iJb'iurf dco nr^n occut'ieH tfin nround Wfitcr i tprm'u\ V\i^ ^nrif) nf '.t! tijrat ion . 
In a wt^i 1 iinnn fircitinf) tfir* ^onn of satiiration , v/dtar will stcind <it n lovol mnrMnn^ tnr- luifrtrinn of 

callod c*in1llfirv w.itr^r, %inrn H. clirvr; tn Hurfdcos [jv cdiiilldry tons ion .ifv! thu'^ rr si'^tn thr f^jrcf^ 
of nra vi tv , 



Sf?turn to thn Hrirrativr^ fiftrr qtucj^/inq thi'i quldpshpnt . Turn thp taPP rpcordpr on, 
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Ground water cannot remain static as long as th^ water table is higher at one 
place than anothnr. Difference In elevation of the water table at two ooints con- 
stitutes a hydraulic head. The path of movement of the ground water will be from 
higher nnints to lower noints on the water tnible. 

Gravity ir? resoonsible for the movement of ground water horizontany as well 
as vertically. Grounti wdter tends to flow downhill* ultimately emerying at the 
surface in a stream, wetlard, snring, or other surface water body. Because of the 
weight of the water unhill (A) (the hydraulic head) and the relatively imperrneable 
bedrock below (B), the flow of the ground water will form a curved path unward to- 
ward the surface (much as water can move upward in a pipe under pressure from a head 
above) where it is disch^^rged into surface waters (C), Therefore, the water table 
is generally farther beneath the surface in unland areas under hil^s find closer to 
the surfr*co in lowlands and valleys. 



Source: Lavine, ot. al . evaluatio n of Inland Wetland and Vjatcr Course Functions 

Th e Connecti cut Inl aM^ W^^ ands Pr oject — 

Source of niustration' Cervione, et, al , Water Resources In ventory of Connecti- 
cut, Par^ 6, Upp'er Housatonic River Basin 



(ill ID!.. Silin II 

wat!.;r siirfis 
i^imiNAGi: HA:, nr.] 




A view of a drainage basin denlctlnq the way in which dralnaqe basin character- 
istics (form) influence the transformation of innut (nrecinitation-losses) into 
Output of runoff and sediment yield. The dynamic nature of the drainaqe network 
is Incornorated by representinq nerennial (solid), intermittent (dashed), and 
enhemeral (dotted) streams. 
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TYPICAL VALLEY SECTION 



GUIDE SHEET 1(11 

A, GLACIAL TILL ^ In gladal till deposits. oaN 
tides of different size, from clay to gravel 
and boulders, are mixed and often compacted 
toqether with Sfnaller particles effectively 
fining much of the space between the larqer 
particles. Till deposits hold limited a» 
mounts of water and generally transmit it 
slowly, 




B. BEDROCK - Mcvernent of water through bedrock 
occurs mostly throuqh cracks called frac- 
tures. Water movement may be raold through 
individual cracks but the total storage and 
the overall ftiovemert is llfnited* 



STRATIFIED DRIFT - Stratified drift consists 
of materials (silt, clay, sand, and gravel) 
v^hich have been denosited by inoying water* 
These have been deposited in overlaDping lay- 
ers and within c^ach layer materials of siitii- 
lar size and v/eight will be found together^ 
because water will tend to carry finer ma- 
terials (silt and clay) a lonqer distance 
than larger ones. The characteristics of 
stratified drift deoend entirely on the tyr^e rnat^fial precipitated. Fine 
qrain deooslts of silt and clay left in th^ glacial la*"p^ and area^ nonrted 
vvater may hold considerable i^ater but their abdilty to transmit water is low. 
Coarse qrained deposits of sand and graveU deposited by flov/lng vfaters* have 
both a high porosity and a qood ability to let ^ater flow throuqh. These de- 
nosits Drovtde for th- qraatest storage and mowepent of qround water, and are 
the most imDortant aquifors in Connecticut. 




D. FACTORS EFFECTING WATER FLOW ^ A SUMMARY 

Slooe 
Shape 

fiecslogic denosits - qlacial till 

(holding and transnii tti no) st ratified dri ft 

bedrock 



Af^ter you have comnl(?ted studyinq this quide sheets return to the narrative. Turn 
tbo tape recorder on, 
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GUIDE SHEET #12 

HOW MUCH WATER DOES YOUR HOUSEHOLD CONSUME? 

WATER ifTlLlTY STUDIES HAVE REPHRTED THE AVERAGE CONSUHPTION OF WATER IN HOUSEHOLOS AS RECORDEn 
IN THE TABLE BELOW; 

ACTIVITY WATER CONSUMPTiaN 

Flush;<>.i tollfct 4 aal/flush 

Shower 30 qal/shcwer or 7 qal/niin 

Bathtub 40 qal/bath 

Washlnn macNin^ 40 qal/load 

nishwasher 40 aal/1oad or sinkful 

rinking 1 nal/day 
Food nreparatlon and 

housinq maintenance lOO qal/da^ 

Washinq face in sink 1-2 nal 

Waterinq lawn in aal/fnin 

ANSWER THE FDLLDWING QUESTIONS AflD PERFORM THE SIMPLE CALCULATIONS REQUIRED TO ESTIMATE THE WATER 
L.UNSUMPTrON OF YOUR HOUSEHOLO. 

1. How nan^' people in your family? 
^ Nov/ many shDwers per week do you take? 



3^ Htvit "^nv haths ner week do you take? 
4. On the averant, how many tinies Dei^ day do you flush the tonet? _ ___ 

In the sunnier I hov; many hours n^r week does your family water its Ijwn? ~ ~ _ 
f^ How manv washinq machine loads are neceisary for washinn dirty elothes in your fani1 1y in one 
woek? 

7, Hn the averaae, how many tlfties 15 the dishwasher run a day or hov/ many times are dishes washed 
by hand each day? 

'/ater cons unTnt ion from showers in na lions mr v/pok 

K 30 qal/shower * _ ga1/'w^ek consunied 1n shownr^, 



(answer 1;d Q ^ 1 ) Tinswer to fT^^TT 
^, *^ater consumntion from haths in nallens/week 

^ . _ _ . )f 40 oal/bath - gal/week consumed in baths 

(answer to 0 ^ T) Tanswer to Q^^TT 

10, '/ater consumntion from flushinq toilets in qallons/week 

- - ^ _ X 7 days/weQk X 4 n^1/f1ush = ^ nal/week consumed In 

(answer to 0 ^ I) fanswer tcTT^Tl ' " flushinn the toilet 

11. Wat^r cnn^umntinn from washinq clothp^H In nallons/wcck 

^ 40 Qal/load ^ qal/vieek consunpd in washinn clothes 

(answer to p TTT 

Water consumntion from dishwashing in nallons/week 

- ^ „ „ ^ nal/load or sinkfull t 7 Hays/week ^ aail/\veek consumod in 

(answer to Q ^ 7) " — dl shwashl nn 

13, Water consumntion from waterinn lawn In nal Ions/week 

_ X RO min/hr K in oal/nin = nal/wnek consuninrl in v/aterinn lawns 

n^nswer to 0 ^ 5 ) 

14. Water cnnsumritiDn in bathroom s mk (assuminn voi/ v/ash hand and face three tifncs/day) 

X 3 times/day X 7 days/week )( 1.5 nal/facial and handwash - gal /week 

(answer to Q ^ 1 ) TnTFtFFooni sink 

IB. V/ater consumntion from food nreDantion and housin<i maintenance (for averaf]e family of 5) 

inn nal /day t 1 days/wnek - 700 nal/week 

16. Totai water consumntion per week 

_ _ ^ ^ _ _ _ ^ + ^ ^ t otal 

ansTT^ ans, Q #D anl. n ans. H ^11 ans. 0 ^T? ansTT n3 ans. n ^\at ani» 0 ^15 oaTTonF/week 

17. Total water consumntion per year, 

)( 52 weoks/yQijir » total nal Inns water/ypar 

'(Tnswer"t6°Q * 16) 



O *noctors advise drlnklnq 8 qiassei of fluids per day to maintain health, 
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GUIDE SHEET m 

WELLS mo GROUND WATER 




AREA 


REQUIREO TO FURNISH 


RECHARGE OF GIVEN OUANTITIES 


OF G ROUND WATF^. 


Quantity 


Of Water 


Recharge Area 


Radi us of c1rcl e 








equ1 valent area 


MG/p 


JUL. 




ft. 




140 


0.26 


15O0 


0,4 


280 


0.52 


2100 


0.6 


420 


0,78 


2600 


0.8 


560 


1.05 


3100 




6^0 


L30 


3400 



'IG - Million GallDfiS D - Day G - Gill ens N - Minute 
Flaures comuted on basis of the natural rtcharge rate 16 irf,/yr. 

Source: The Environme ntal Imnact of Groundwater Use on Cape Co d by Arthur N, Strahler 




bUlUt ^HLLl Ui^\ 




From histoflcal records of rainfall (and snownielt) and from actual floods, 
hydrologlsts can comoute the probability of a flood of a certain macfnitude. 
Larqer floods are less frequent than sinaller ones. Floods can be described in 
terms of their frequency over an extended period^ or the Drobabllity of their 
occurrence during any one year, A lOO-year flood is one which will occur, on 
the average^ once every 100 years or which has one chance in 100 of occurrinq 
in any sinqle year, Ther Dreferable termis "one percent flood'* as a 100-year 
flood can recur hy chance more often than once in a ino-year period. 



Source: Evaluation of Inland Wetland and Water 'Course Functions ^ The Connecticut 
Inland Wetlands Project, Lavinei et.al, 



GUIDE SHEET ^15 

EFFECTS OF URBANIZATION ON RUNOFF RATE 




TIME, IN HOURS 



The change 1n flow rate at any point on a channel can be shoivn by a hydroqraph 
such as the one above. The graph plots the rate of flow or discharge in cfs (cubic 
feet per second) against units of tire. The shaoe of this curve will vary with 
steeo slopes, ImDervious soils, and a pear or funnel shaped basin will lead to a 
sharoer rise and fall in water level as well as a higher peak than flow from a 
bailn with aentle slopes^ porous soils, many wetlands and lonn narrow shaoe. The 
flow rate is also affected by man's use of the land. 




r\HE, IN HOURS 



Lag time (the time between the storm and neak runoff) may be materially altered 
by the effects of urbanization in a watershed. Water runs off faster from streets 
and roofs than from natural veqetated areas. This tends to decrease the lag time. 
The construction of artificial channels , esnecially stonn sewers, also decreases laa 
time. As the time required for a given arount of water to run off shortens, the peak 
rate of runoff (flood peak) increase, 

A study by Dr. Luna B. Leopold, a hydrologlst with the U,S, Geological Survey, 
indicated that if SQ% of a basin area is made ImDervious through develoDmenti and 
50^' is sewered, a given flood will be 2 J times more severe and will occur almost 
four times as often. 

Turn the recorder on after you have read this guide sheet. 

Source: Hydrology for Urban Land P lanning ' A Guidebook on the Hydrologic Effects 
of Land Us e by Dr. Luna B. Leopo'le^ Geological Survey Circular # 554, 
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rFFrcT HF ncvrLnp^'EfiT n?i thf capacity np a rionn plain to absorb Finnns 



NO FILL - NORMAL 




A. River or stream within channel 




m FILL - RAIN 




/ /( IMPERMEABLE "^^VErT7°^"T\ Y~ 1 / T^PT^ ' 



After extensive rainfall, thp river channel overflows 
servinn its function as nverflOM/ basin. 



The flood nlain fills with watpf 



FILL - NORMAL' 




D* In a similar flood to B» , the water overflows the banks floodinn the structure in the flood 
O lain. The fill has reduced thi volume of water the flood plain can hold. Therefore, tho 
inh mark in D is sevRral feet hiqher. ^ ^ 
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LfiClSLATION nFSinNCn T-i npFVFNT FLOnf) DAf^'Anf: 



STREAM CHAriNEL ENCRnACHMENT LINES 



1EP has the authority (Sec. 2B-4a-Q as arnended) to establish lines alonq any waton^a^' or flood = 
prone area, lines beyond which, in the d1 recti en of the flood-nrone area, no obstruction or encroad.- 
fiRnt Shan be placed unless authorized bv the DIP Cofrnnlssioner. Authorization is fTanted only after 
a thornunh review of the effects of a pronosed encroachment on flood heiqhts, flood storane and canac= 
i ty , heizards to life and pronertv and the natural resources of ths state of Connecticut. The nurnosf? 
of thnso lines is to insure nresnrvation of a reasonable flood channel for th*^ nassaqc of fiitiifo floods 
to ninimize future flood damanes , and to nretect the riverine ecosystem. 

f^. FinoD PLAIN mnim 

Flood nlain zoninn is entirely under local juri sdicti nn . Municinali ties may, under the' * n- 
inn Dowers, adont flood olain zoninn ordinances as a valid exercise of nolice oower, (Sec. ■ .ch 

(zonini) r^nulations shall be made in accordance with a comDrehensi ve nlan and shall he de-^', • - 
lessen connestlon in the streets; to secure safety from fire, nanic, flood and other danners 

Thouqh the extent of requlation of activities falls in the nrev area between oollce power and / 
takinn aetually, many activities are compatible with resnnnslble flood nlain land use - aqricultur^, ' 
^olf course, sanctuaries, wildlife habitat, forestry, recreation, ooen snace in housinq or institu- 
tional conplexes, narks, niarinas. water related or uslna industry. Flood nlain loninq need not be 
a cornplete restriction on all uses, merely a careful consideratinn of comnatlble uses. 

t^' FLOOD iriSURANCE; NEW INCENTIVL F^P WISE LAfjD I'SE 

Last December Conqress amended the National Flood Insurance Act of 19FR, addinq orovisfons to 

the 'lational Flood Insurance Law which will have qreat effect on land use in flood-nrone areas. 

The law noes further than any in the past to encouranc? flood nlain land nreservation and non-struc- 
tural solutions to flooding oroblems. 

Any building or nronerty owner can purchase the insurance once his cormunity has been desin- 
nated eligible by the U.S. Penartrnont of Housinn and Urban Devclonment (HUD) as havlnq flood-nronp 
nrr^as. ^^±coimn±t:L.^un a lso create and enforce land us e renulatin ns to reduce or av oid future 
fJo£dJpil' this renulrenent ties the real land use siqnificance of the nev law. 



^' flOflSTRIICTURAL TECflNiniiES FOR FLOOf] MVIAGEMENT 

I. Tcc[{niq"ns TO LESsn jut ptact nr flood pAMAnrb 

A, Flood Insurance Efnernency Pelief 

r. Flood Forf^caFitinn and I'arninn 

L Suhsidized 
?. Cnmnulsorv 

ri. TFCNniQIIES TO ^lODlFY SUSCFPTIPILITY TO FLnnDrin 

A. Acquisition C. Urban nnnewal and Redevelonment 

n, Flood Prnofinq 

1. Comnlete E. nontrol of Utili tv Locati fins 

^* f'srtial F, Cluster Zoninq and Plannnd Unit Develonment 

Flood Plain Zoninn 

C. Evacuation Wetland Protection Laws 

I, nomnensahle Renulatinns 

1. Permanent J. Rulldino Codes 

2. Emerqency Subdivision Requlatlons 

L. Encroachnent Lines 

ill. TcniifiiQUES TO PROVIDE nrrfiTnTs in implement unMsrnucTUPAL TEnHfiiniiES 

A, Cost Sharinq 

Subsidies 
C. Tax Ad.lustments 

Snecial Hazard Assessnents 
F. Hensity Transfer ' 
F. Internalization of Cnsts 



Snurno* 
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WATER OUALITY STANDARD 



The water classification system described below was adopted by the New England 
Interstate Water pQllutlon Control Comoact. The systeni reconciles the conflict of 
water uses by assignment of use classifications based on reasonable physical ^ chenil - 
cal and bacteriological standards* Each state prepares classifications of Its waters 
according to present condition and pronosed highest use , 

CLASS A - Suitable for any water use especially drinking water* Character uniformly 
excellent. No measurable quantity of oil, cjrease^ solids * sludges color^ tur- 
bidity, toxic sustance, phenols, acids or alkali allowed, Coliform bacteria must 
be within limits apDroved by State's Department of Health for uses involved, 

CLASS B ^ Suitable for bathing and recreation, Irrlqatlon and agricultural uses; 
good fish habitat; good aesthetic value. Acceptable for nubile water supoly 
with filtration and disinfection. Similar to Class A except some oiU grease, 
color and turbidity allowed. Bacterial content of bathing waters shall meet 
limits aonroved by State Department of Health and acceptability will depend 
sanitary survey, 

CLASS C - Suitable for recreational boating, irrlqatlon of crops not used for con- 
sumotlon without cooklna; habitat for wildlife and common food and game fish 
indigenous to the region; industrial cooling and most industrial process uses. 
Similar to Class A except greater quantities of oil and grease allowed as well 
a? some notentlally toxic chemicals but not in toxic concentrations, 

CLASS D - Suitable for transnortation of sewage and industrial wastes without nui- 
sance, and for power, navigation and certain industrial uses. All of the things 
not allowed in Class A waters are acceptable 1n Class D waters except chemicals 
are not oresent in toxic concentrations and free acid or alkali can be nresent. 




qiaiTY np HATER CHANGES AS IT HOVES IMM THE HyOROLOGIC SISTEH 



P^£l£^=*Cffr i,-gfn /fif afiTi^spflg^j ^ijseli^ll dull 




merfili /ffi5fT58/if| trtcfjdjji fipf^flfjj 
goS/if)/ d isn f in jilt iyffifigf ^ipeiili, 



' ^r tesGurees Inventory of Connecticut, Part 6, Upper Housatonic River Basin 
oy Hichael h, Lervione, Jr., et, al, ~~ ~— 
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GUIDE SHEET * 20 



SOURCE AND SinMIFICANCE OF SOME OF THf CHEMICAL CONSTITUENTS IN, AND PHYSICAL PROP- 
ERTIES OF, WwTEB III TIIC UPPER IIOUSATO.NIC RIVER BASIN 



or phyiiedj prepirty 



Source and qanceflEraE Isn 



Significance ^nd maximum limit of colerftnce 



Silica (SlOj) 



3 fid 
magnesium 



Sodiuifi (Na) 
pOtai$ium (k) 



Sulfate ^IQ^) 



Chlsrid^ (Cl) 



DisiQlved ffOfli Prist iejl )y all roeki and io? 
U&y^lly fiHjnd In the ba^In in imal I am^unEs 
rsnglng frsfl I tg || mg/ I , Surface «#ter yiually 
Nil a ifT^llaf cen&entrac Ion thdn ground v#iteri 



DliSQlved f fOni /rmny m( nsral i that cantain 
QMlda* lulffde, and earbonatt sf iron, 
Deeaying v«getftlsn arid Iron objects In contacE 
with ^tif j and indulErla] waste srm also 

najor sstirqe^* Surface i«atsr in the bailn In fts 
mtupa] ftmtm uiuiily hii leis than 0,5 mg/ U 
Ground HSEer gen^raliy higher concsntrat Isns 
Ch«n iurface w«Ctr- 



Dlsistvad from fnsny raeks ^nd soils. Often found 
issoclaEtid !*lth iron In natursl waters but not as 
eafflsfi as I f^h. Surfaes water In the basin 
usyally has leis Chan 0,1 mg/ 1 * Ground %#ater gen^ 
eraliy has higher een^ent rat i gns than surfaee water* 

DIssQlved pflm^rWy ffOffi carbsnate rocks. Grsynd 
water In the earbsi^te recks of the basin may cen^ 
tain as tmcih i| IQQ mg/l calcium and ^0 mg/ 1 mag- 
nesium, lyrfaee water noma} I y eontaihs lower 
eoneentrai Ions than grsund i-ater* 



Oissolved from pr^etjcally all rocks and soils. 
Sewage, if*dus|rf^l wa&tis, and r&ad salt are also 
major sources, h^sl home water softeners replace 
soluble hardnesi-'pfodueing minerals with sodium 
and thus Increase the aptount of sodium present. 



Results frOiTi ehemieal action of carbon dioslde in 
water on catcice intj c^le^i I I i cate minerals, 
Deeaying vegetation, Sewaget and Industrial wastes 
are also important sourC^Sii 



Dissolved from rocks and Soils esntaining sulfur 
cqmpounds, ejpeeiiliy IfSn sulfide^ also from 
Sulfur coPiooMnds dissolved In precipitation, 
sewage and InduslrFal wastes. 

Small amounts dissoived frotn rocks and soils. 
Larger amountl are derived from animal waites, 
sewage, road salt, Induitrlal v^ites, and sea 
water. Chloride concentration of natural 
water In the basin seldom exceeds 10 mg/l, 

Sewage, indultrial if^asti^ fertillferi^ and decays 
1 nq vegctatiQn jre r^jor ^ouregi. Hi nor sources 
are precipitation ond decoying nrqjnie miittir. 



M^j or snuree^ are ferclU^erb, do"?Mitic sew^gt*, 
and deterqencS', Minor fgurqes are minerals 
tis ap.itiEe. Cone^nErat ions in natural streams 
are genertilly kiw; in Ijra^r streams they occa- 
sionaily exceed KO nq/ I , 



Forms hard scale In bsilersj water heaters, and 
pipes. Inhibits deterioration of leollte-Eype 
water softeners. The USPHS (U,l, Pub! U Health 
Service) has not recommended a m#>t|fTiuni limit for 
dr Ink Ing wa ter . 

On e^pssu re to a 1 r^ Iron In ground water oxidlies 
to # rsddiih-br^n precipitate^ More than about 
0*3 mg/l Iron stains laundry and utensils, 
causes unpleasanE odors, and favors gr&*th of 
Iron bacteria. Iron in water is obj ect lorw^bl e 
for food and textile processing. Host 1 ron^ 
bearing waters when treated by aefatlori and f 11^ 
tration aft satlsfaetory for don^stie use* The 
USFHS re&onvnends a maximuffl limit Of mg/l for 

drinking water. 

Hore than 0*2 mg/l precipitates upon oxidation. 
Manganese has the same undesirable characteristics 
ai Iron btiE is more difficult to refwove. The USPHS 
recaTriends a mai^lmum limit of O.PS mg/l for drink* 
Ing water. 

Hardness and seal e- form! ng properties of water ar?- 
caused by dissolved bicarbonatel and sulfates of 
these elepientl (see hardness)* These are objection' 
able for e| ect rop laE 1 ng^ tanning, dyeing, and tex- 
tile processing. They also cause seale formation in 
steam boilers, water heaters, and pipes, The USPHS 
has not recommended a maximum Mm it for drinking 
water. 

Since the concentration of potassium Is usually low, 
sodium and potassliim are often calculated tonether 
and reported as sodium* Quantltlei found in the 
report ar^a have little effect upon the useful- 
ngss of water for most purpolesi however, more 
tlian 50 m^ I may eausa foaming of iteam 
boilers. The USPHS has not reeommgnded a maximum 
limit for dr inking water, however* the ConnecticuE 
State Pepaptmfnt of Health suggeits a mdxlmu^n ilmit 
of 2D mg/l for municipal water Supplier* 

BIcarbonates of calcium and magnesium cause hardness 
and form gcale in boilers and pipes, and release 
corrosive carbon dioxide gas (see hardness). Water 
of low mineral content and low hl^arhonate content 
In proportion to earbon dfoxlde Is acfdic and c.^n be 
corrosive. The USFHS has not reeemmended a maMimtin 
limit for drinking water. 

Sulfates of calcium and magnesium form permanent 
hardness ^nd hard scale in boMerS and hnt water 
pipes. The USTHS recommends a mt^^im^m limit sf ?5Q 
mg/l for drinking water, 

Large amounts of chlnride in cofiiblnation with calcium 
will result in a corrosive solution and in comhlna-' 
tion with sodium will give a salty taste. The USPHS 
r#re«TwaeridS a nAxinum limit of 250 mg/l for drinking 
wa t e r . 

Smalt afrieunts of nitrate have no effect on u^rt tlness 
of watfir, A concent ra 1 1 On greater than 10 f(}i i .^-ner-^ 
fttly indicates pollution. Nitrate eneour^iges growth 
of algde and other opganisms which produce undeslriible 
tastes and odors, The USPHS recomrflends a riaiiimuni 
limit of nitj/ I for drink inq water, which is equivalenl 
to to mg/l of nitr.ile e^tpr^ssed as N in a sanitLiry aFWi" 
lysis. Waterb containing more than ^5 mg/l hove 
rrpnrledly eau'^td methemog loh Inemi 4,whi ch is oftf^n 
frilcil to infants and, theref nre. such w.+ ter should nol 
be iibpd in infant feeding. 

Elsentl^l nutrient for free fln.Jtinfj .ujuatlc vegejJtlpn 
such as algjt'. Excess phosrjhoti' may encpurjge a I na 1 
hliifs»?n nnd c^Ai-^r prtihlems of ndcir, ti'^tq, imd iiff^i hot I , 
Thf^ USPH^j has " »t rpeDrr!iendi;d J i-'iislrnun llnit tor dfir*N- 
i f5g Wfiter. 



Source: Water ResQurces Inventory of Connecticut > Part 6 » Llnner Housatonic 
River Basin by Michael AV Cervione, Jr./et. al . " 



GUIDE SHEET « 20 (cont.) 

SOURCE ANn SIGrilFICANCE OF SOME OF THE CHFMTCAL CC.'iSTITUCMTS I'' AND PHYSICAL PPOP- 
ERTIES OF, WATER IN THE UPPER HOUSATONIC RIVER BASIN (cont.) 



Of physkdl praptriy 



and Specific 
conduc t f«ncc 



01 t&ol vt'd 



Tempera tufe 



Tu Pb I d 1 1 y 



Hydreq^n ion 
tonc^nt FaE i en 
(pH) 



Source €»nd crHii.-t'nt rat ion 

In^ludfcs all hlncftJl con'^t 1 tuent s dis^!>lved In 
fir*?cipl t^t ion and Iron roeki and boiU, iDCally 
«ufif!iepi£ed by winer.Hl m^ftti.'!' In %rwiiifi.:' *inif indui- 
iriul w-^stes. Hcasijfed rib rc^lriue ol tzydpurrit i on 

fi individual constituents. SpeCifie eonductancOi 
Or thQ tdpaclty of w*flt*?r to GDndyc.E ^in eleetrie 
Cyrrtnt, is used Ind^K of tdE.jl diisQjvfd 

"^in^ral content. In natural wrttera in the basjn, 
q round wajer usually has a Kiriit'r d 1 s, ^til ved= so U ds 
c ntefit than stjrfdce wat<?r» Nr^^rly I 1 Naters 
'^npjed Had di Sbol veH^t-nl ids cont en t substantially 
hrl'^v; the Mm it reeprrTgnded by, the USPHS* 

Primirtly dye ts c^lcitif^ ^nd ri^fjnesi un, and to a 
lesser e^^tentj dug 'fonj mancj^ne&O, aluminum^ brJi It/r 
^ind St ront i utfi* ■ Thero are two ciassr'& of hardngli, 
CjFtj.K'Ue Ctenparary) hardngsi gnd nnncisrbgnate 
(ufernvinent) hardne&Si Carbonate hardness refers to 
the hardne^^ balanced by equ iv'^lPhts nf earbsnate and 
bfC^fb^nat*? ions; ngncarbonate to thp rtmalndgr of the 
hardness- !n the basinj hsrdf^ss ranges widely^ 
Water from the earbsrate bedrock and stratlflid^ 
drift aquiftrs is hard to very hard. Hoit water 
frDiM the nRncarbenste bedroek aquifers Is seft to 
moderately hard. 

Colgr In water may b# of natural, mineral, or 
vegetable origin such as iron and manganese com- 
pQuhd^i Sigde. weedsi and humus m^teri^K H^y 
also be e#u5td by inorqanfe ©F grganie wastes from 
industry. True color of water fs coniidered to be 
Only that attributable to lubitanees in solution 
sfter the suipended material hii b^en fs^sved. 

Sources arg n^turil aeration and photosynthesis by 
aquatle vegetation* Cnncent ra t i ons vary mainly 
Vfith teinperature and pre&iure and Arc espfeiSed as 
3 percentage of saturation* SurfacL' waters flucttj- 
itd widety in D,0, with blolggual dctlvitle^; D#Q. 
declines durinq the bre.^Jidniwn of waste materials 
Concentrat { Qris ffi the bisin ranqed frofti 0 to 1^ 
percent saturation. 

Tfeifiegrjture flgetyate^ Nidely in strerams and 
shaMcTw^lis following seasonal gilmatlc changes, 
but we))^ at depths of 30 to 60 feet rerria in wlth^ 
in 7. OF 3 decrees of mean annual ^ir temBefiture 
(a^C te I1"C for the FOpOft area). Diipsial of 
water used foF c^llng er industrial processing 
Causes local temperature abhornw 1 ' L 1 tii ^ 



An sptieal property of wateF attributed to lus^ 
pended pF colloidal jratter which inhibits light 
Peni^trat i on . Hay be caused by ml ereorgan i sms or 
al^ae; syipended mlneFal substaneei Including 
Iron and mangsneie gsiipeuhdi, clay or illt, or 
ia»*dust, fibers* ^nd other materials, ftey 
r^^ult frorft natural processes of erosion or froni 
the eddltloh of domestic iewage gr wastes from 
v^risws IndustrieSj such as pulp *rid paper many-^ 
fiietur \ 

W^ter with a dv^ilnange of acids, acld^genefat Ing 
s©lts. !ftd free carbon dioxide has a low pH. If 
corbsnates, bl carbonates, hydrssldes* phnsphateSi 
and silicates are doffilnants the pH Is high. The 
ph of most natural waters ranges bet^en 6 and 8, 



& i qnl f i c^n^fe tind fna>s|mum limit of ifSl c ranee 



WAEpfi cant^ilninq ftkiFG thdn 1,000 my/ 1 disinlveri 

5oI iHb 4rk< uniiiitablci inr m^ny municlpiil and Industrial 

purp<ist?s. The tiSPHS rt^conmends a. fmHimm llfrlt of 

bnO n^]/ \ tof drinklnt-f wdttir* A d I i so I ved- ?.n M d!* content 

conductflnci^ Lif goo micrcinhoi at ZS'C, 



H^id w^rer cQnSunei soap before lather will forrn and 
r1ep Silts sotip Gyrds £in bathtubs. Water having a hard^ 
ness of mnrg than 120 mq/ \ is cofivnonly softened for 
dofRestic use. Hardness forms scale in boilef^i water 
heateri, ridieters* and p ipes, caus Ing q decrease' in 
rate of heat tFanifer and Festficted flow of water. In 
contrait, j^aC^F having a very low hardness may be 
corrosive* T^se UI^HS has not rec^iimended a maMimym 
limit for dr^lnklng witer. The U*S. GeQloglcal Survey 
c lass i fi cat ior* of hardness appears under "Hardness" 
in the sectl^ri efititled "Qyalfty of water in streams 
and takeSi" 

Water fOF domestic arid some IndustFlal uses shoyld be 
free of pereeptible color* Color In water fs object 
tlonable In fsod and beverage proceising and many many* 
facturing prpf^asseSi Results are usually expressed s% 
units of GO I or and not as mg/l. The USPHS reeoffriends a 
Riaji i Rkiffi 1 ifnit Of \% unltS fOF drinking water^ 



The d } s^ol veb^oxygen cohtent of water is an indicator of 
Its bioche^nital eondltlsn when fneasured. Fish and 
other desirable clean^water biota require consistently 
h i fjH O.D. levels. Standards for 0*0. levels in many Of 
the strean^s and lakes In the basin are given in "Water 
Quiillty Standards (or Connectlcytj 1970*" 



Temperature affnets thci usefulness of water for many pur-* 
poses. For most uses* especially eooiingi water of uhl* 
fermly Ihn E^mperafures Is desired* A rise of a few 
deqrees In tempefsture of a ^trtsm may limit Its 
capacity ty #upport *quatie llfep Warm witcr will carry 
less oxypen fn solution than water at lew temperatures, 
and a corrosive wat^r wi U becon^ inore corrosive with 
Increased te*flperatures. 

Excessive turbidity Is harmful er lethal to fish and other 
aqgatlc life; also If Is very yndeslrihle in water used 
by most [ndu^lrle^. especially In process water. Turbidity 
can modify w^ier temperature. Results are ej^pressed in 
standard units, not mg/l. The USPHS recernmends a m&xlmuifi 
I Imit of 5 unlEl for drinking water. 



A pH of 7<0 indicates fieutrallty of a soluHort. Valuer 
higher than 3*P denote alkaline character i St j cs ; values 
lower than 7\0 Indicate acid character 1 St ics# Acid 
water and excessively alkaUne water corrode fnetals^ 
The USPHS has ^ol feciVTimended a maxlrfum limit for dfliik* 
Infj wupr. 



Source: Water Resources Inventory of Connecticut, Part 6^ Upper Housatonic 
River Basin by Michaal A, Cervione, Jr* , et, al , 
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Loose soil of the disnosal area facilitates infiltration of nreciDltation, while lack of vecjeta- 
tion reduces evanotransnlratioii. Consequently, the recharfje here is qrcater than elsewhere and the 
foound is maintained. Leachate froiD the waste moves verticany down by nravity nercolation to the 
water table mounds Ground water moyement is radially outward from the mound to surroundinq lower 
points on the water table. 

As seen above, a sunnly well with its cone of denression draws nround water from the surrounding 
area. Linkage between outward flow from the waste disnosal site and inward flow to the wgH can bring 
leachate into the well, nollutinn oround water sunnly. 

ERJC Source: The Environnienta l Imnact of nround Hater Use on Cane Cod by Arthur fi. Strahler 



oiiini: niKH P n 

^>riM IC TANK SrWAGi; DISPOSAL SYSTf^^ 



If a huilricr doon not havn nccos^ to a nuhlic ^owaqe disnosdl system, he will probably utilize 
.in on-'^itt; sf?waqe disposal *>y'»tenu This requires a septic tank and leachlna field. The sewer line 
frnm Llie house will lead to an underground septic tank in your yard, The septic tank acts as a set- 
1 1 ! nn AnH Hn^j^mrine =1 f i tSfiH . The ov!?rflow ffon* thls tsiik ^ flows to the leiicHIni field. The 1e<?ch- 
inn field Is a large area r^r trenches with draintilo or perforated pipes. The trenches are usually 
covered with ^o1l and planted wi tfi firass so the the septic system 1s not visible. 

After llie overflow sewaqe en^^^^. the leachinq field, the fluid leaves the pipes and enters the 
soil. While the sewaqe filters or "ijercolate^" throunh the soil, it is cleansed by soil organisms 
and iTiinerfils, Fventually, a relatively clean liquid returns to the v/ater table. Periodicall v, 
solids must be physically removed from the septic tank. 
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SUITABILITY REnUIREMENTS FOR SEPTIC TANK SYSTEMS 



L Permeability of the soil must be adequate. 

2. Maximum water table level should be more than 18 inches below the tile field. 

3. SloDe of the land should be less than 15%, 

4. The systen should not be placed within 50 feet of a stream, pond, or lake. 
There must be a minimum of four feet of material of acceptabli Dercolation rate between rock 



PRir^" inu^L a rninnriurn or rour rest OT material OT acci 

ledqe and the bottom of the leaching field trenches. ^ 
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rRnsinN and sedimentation 



A. NEGATlVr tPFtCTS OF SEDIMENT 



Guy and f erquson (1970) 11st the followinq effects of excessive sedlmeric 
loads, to which have been added some brief exnlanations: 

1, Reduces the useful life of reservoirs (reservoirs are filled by sedi- 
ment deposited in their still waters), 

2, Results in Increased denosit^ of alluvium (r1 vor-deDosited sodlrnenu) 
on developed oronerties subject to rnooding, 

3, Inhibits the recreational value of t^/ater bodies (by Increasinq turbi- 
dity cloudiness of the water a^id reducing visibility), 

4, Increases damage to flood Inundated structures (mud leaves a worse rness 
than water alone), 

5, Reduces dissolved oxygen 1n water bodies (see water quality section). 
Organic sediments may have a high BOD. Inorganic and organic sedimGnts 
may carry added plant nutrients (particularly phosDhorous) and release 
them in water bodies causing eutroDhfcation --algal blooms , die-offs^ 
and consequent increased BOD, Turbidity may inhibit photosynthesis, 
reducing input of oxygen to the waters* 

6, Inhibits aquatic life (through reduction of dissolved oxygen, changes 
in bottom characteristics, and actual physical irritation from high 
sediment concentrations), 

7, Increases harbor and channel shoaling, 

8, Reduces storm sewer and drainage channel caoacitles (filling of chan- 
nels with sediment can result in increased flooding), 

9, Diminishes environment aesthetically. 



Erosion and sedimentation can be controlled effectively, and at reasonable 
cost* if certain principles are followed in the use and treatment of land. 
These princiDles are: 



1, Using soils that are suited for development, 

2, Leaving the soil bare for the shortest period of time possibl 
3* Reducing the velocity and controning the flow of runoff, 

4. Detaining runoff on the site to trap sediment » and 

5, Releasing runoff safely to downstream areas. 





mim^njr' c.rm]'-rv%nrn in land nsr nrriMnfi makinh* 

lUnn nWNn i'iAirR I,RVF:lS; Whnn nrnund mtor InvnU arf; clono to the iHjrfdcn for mrc^ th^ui 
foWriflVli durinn 't.hr^^"V^?Xf , thorn iii <i nntontinl fnr !;nnt1r ^viton fnilurn and hn^fwcnt; flooHinn, 

Pfotoctlqn; Wntl^nd arnas nrn a vnlu^ihln nnturtil hnbitat nnd ^ f.tnraqf* arna for flnorj- 

nround watnr rccharqn ar^as , hut: r^ithnr nlncf^s whorn nround writnr is dtschfirnGd to thr^ 

i^onulatron: Poorlv And very nnnrly ilrninod 5oi1^» arn rfKiulfitnd undnr TJ\fL Jf^^^^^LI'^f'M/^r'f'.^ 

^^!^tit^^^L^^r^ ^tt (P,A, P5 (1173) Afi Amendnd), nnd most acti v i tias "af fecti nn tho^o 
t^re^s can ocaJr onTv" n Ftnr 'lOrTiit has hnnn issund t)y a ioc«il Inlnnd Wntliinds Anf'ricv, nr 
hy tho Stfiti} nonfirtninnt of Knv i ronimntdl Protection in towns whore no local annncy han 
i-H^en created, The nenernl cntenories nf t3ct1v1t1en to he ronulritDd arp, "The denni^;i tinn , 
fill inn nr rf^iMoval nf (iintrTial: tfiP d1vpr';1on or nb^. f.rnct. 1 nn of watpr flow, thr er cl\m 
of ^.i tructurf?^ ^nd other usn%" \/hich desooll, nollutf^ or elijninnto wetlands and water' 
coil rs es . The I n i and We 1 1 and^. Rpv i ew Procecju re a nn 1 i es iji adcH^t ij)n I u a hy other 5ta to or 
1 n c a 1 r e n [ j 1 a 1 1 0 n r? , The P u 1) 1 i c M eal th_ £q(\o r e q u ires t h a t tf i'e r n lrn a t 1 n ' t IB i n c h e n 
ne r me a b 1 e material he tv^k en t h e t)o 1 1 om o f a 1 e a c h 1 n n f i eld t re n c h a n d t h e ma K i mum n r o un c ; 
water level. The code reouires ^ feet of nermeable material between the bcjttom level of 
a sanitary landfill and the maximum nrounri water level, 

h !linh jTostj^: DGVOloement in areas with permanent h1nh nrnund water may require draininn, 
(ffe^i^) j rniV ann fill fjefnr^ a n^fntit: systeii' will Tunetion nrnnerlv, Area^ with ^iffasoriril 
hiqh nround wair-r may renuire curtain drains to divert nronnd water from the basement 
and sen tic sysLen. A nrofes^ii onal sanitary enqineer should desirn the sentic systems 
installed in these areas, 

SJEEP_SLOP£S : Areas with steeo slones have potential Droblems with fgundations ^ seDtic systenSi 
roads anrf erosion of surface materials. Unlike the nrevious factors, there is no definite slooe 
at which develonment is not feasible or is suddently more exnensive, In some areas of the coun- 
try, slones close to vortical have been built on. In qeneral , a slone of 15!^ or qreator can be 
used to differentiate between nroblem and nonDroblem areas. This standard 1s widely accented as 
a quidellne and is one which Is easily manned from the detailed soils data, In actuality, slooes 
of n - should have no oroblems, slones of 8 - 15^ may reoulre snedal design considerations, 
and slopes of 15'1 and over should oresent definite drainaae and septic system nrobioms . 

^fit^^l^^J Areas on steeo slooes have a serious notential for erosion. They are best 
nufted for very low residential desnlty and onen snace uses. 

2, Re^JaJtK!^ The Public Health Code requires snecial desinn, such as serial distribution 
trendies, Tn areas with steen slopes. 

1. Higj Cos t^: Increased costs will occur for foundations, scntic systems * roads and utili- 
ties, 

COMPACT G L AC I AL _T_ILL : Friable till areas Present develonment nroblems because of the chanae- 
abiTity of the material over short distances and its relatively poor nercolation rate. Areas 
with comnact till have the added rnoblem of a slowly nermeable material (hardoan) which causes 
septic system and drainaqe problems, Comnact till is thouqht to have been formed where till 
deposits were deposited, overridden and comnressed by the qlaclal ice, Althouqh the soils data 
only Indicate where comnact till 1s present within 3 feet of the surface, this slowly nern^eable 
material could be a Prohleri if it is within 10 feet or so of the surface. Sites close to com- 
nact till areas should be checked to see if it is present within the 10 foot distance. 

1' Penulati^nj Friable and comnact till areas have been desinnated as ''p^^eas of sn^?cial 
concern "for which stricter requlations with resnect to sentic system? have been pro- 
posed, 

2' []lg^ CosJs : Most till areas will require the laraest leachinn fields specified In the 
Pub lie Health Code. In addition, comnact till areas may require excavation, fill and 
curtain drains to prevent septic system and basement floodinq nroblems. 

.SJ)PPm^/Am State Health Denartment requlations and quidelines for these areas arc 

intended to exclude nossible sources of nollution and retain a lew develonment density. The guide- 
line of ? acres per dwellinn unit provides a better choice of sentic system locations tlian a small- 
er lot would allow, fiuidelines also exclude facilities such as public sewers which would lead to 
more intensive land uses, " 

L Protection^ Strict land use contrc's and low densities are necessary to nrotect the 
Qual Ity of surface and qround water, 

2. PnjuJjtio^: Regulations of the State Denartments of Health and Environmental Protection nro= 
tect potentially haz.i-dous land uses 1n this area. Hiqh density land uses and facilities. 
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'^uch fif; public swcm'^, v/hicti ^^ouh! U'nd tn ifU:rf:^n^o flf^nsity nrn di scouriiqfMK 
\ . fitqh Co'ii'', : A nlniiiiufn of ''^ ticrnn of 1nnd dro roqui rnH for nach rnqidpntinl unir, . Tfils 

M^V'-l^ Thosn nrn arna^ of j^nrl and qrnvf}! v/hnro wator ri)Ovc»s thmunh the 
^nfi ton rani(lTy/ In tHn^n areas, thnm Is a haz^srcl of nonulinn, Ijocau^.n *ifiptic tank nfflu- 
rn*, may roach qround water without hnlnn adoquatcjly flltornd or rnnovritGd by thfi soil, Ac- 
CQf"d1nn to a rocont ntiidy, nFfluf^it is not nroporly trncitnd unless it is in the soil for twontv- 
four hours bf^rfjrn rf?nchinn nround watpr, ThiG Is nsnecially critical in arnas which nrn notnn- 
t^^^ vmtnr sunply sourco^, 

^ ' ^^"^9^?-^%^ .^.^ ' ■ Th 0 s p fi rn a s nrn t h n host In t n s n f r r o 1 n t i n n t ^) s t: rnq u \ rmw} n t" s , u t 
htiVo d ()<)Lef)tial for noriutinq ground water. Pf?tai l ^d sltr? evdiuation and extra dftt^i 
ind tosts; may he nnndod h^fnni dny^Oonmont i*^ annrnvf^d. 

Lf-lJidiij.2r ' Pronosed channns in the Public Health Code would nlace strictor rnqunTnonts 
on areas wlioro maxlmym hinh nround watyr ir, withi^^ 4 l/p feet of the surface, hut tiiero 
are no renulations based on the time it takes seotic tank effluent to reach nround water. 

^' li*3i-,i£4^--' ^^^^"^^ ™^ time delavs a no more than the usual ijstinq and data n a the r inn 
r'^niiTreTla nrnve that qraund water nollution will not occur, 

^' ^k2!IP L AIj[_^A RE AS ; These are level areas along streams and riverr. which were created by the 
HeDdsTtTon cririaterial by flood waters and are still subject to recurrinq floods, Commercial 
or industrial use, and enqineerinq solutions to prevent damaqe tend to increase the potential 
for floodinq downstream. A more accurate detenni nation of areas subject to floodina can be 
made frDm topoqranhlc quadranqle mans, These FLOOD PRONE AREAS include areas which are S feet 
or less in elevation ubove rivers ^ streams, marshes and Donds, 

Pr ptgc tign^ These areas are useful for anriculturep open space, recreation and other 
uses not harmc^d by floodinq. They serve as a natural "safety valve' and nrotect other 
areas from being flooded, 

Regulation: Flood plains contain alluvial soils (i,e,, deDOSited by movinq water) and 
other soTT types reoulated hv streambelt zoninq or flood nlain zonino requlations. 

^- High Costs: Dikes, dams and filling would he neoded to nrotect residential, commercial 
or industrial land uses from flood waters. 

^^'^ LARnE yOLUHF AQUIFERS: Many sand and qravel deDOSits are saturated with water and renresent 
notential water sunnTy sources. 

Eritl_^tJon; Areas with 40 feet or more of saturated sand and qravel are eofTfriunity re- 
sources v^ich should not be developed. These and adiacent hut thinner saturated materials 
should be nrotected from contamination and Dollution, 



ihis guide sheet is based heavily on Natural Factors Affectinn The Use o f Lan_d_ by Lawrence 11. 
Johnson of the Connecticut Denartment of Comnunity Affairs. Any ei^ror^ in' the preparation of 
the nuide sheet are solely those of the editors of this unit, 

Pj-g_teC-tipn : refers to an imnortart resource which should be kent from development and nosslble 
contamination so that 1t may bn yggd at some future date. 

RQqul ation : refers to an area being affected by roaulations or auidelines of a state aqency, 

^^nh_ Co sts : refers to Dhysical conditions, such as bedrock, vvhich increase a develoner's 
enqineerinn and construction costs. 
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WOfU)H WORTH _ Krifn-miG 



ALLUVIUM, A noriDral t^'DTi for cljy, 'Hit, ^nnd, nnd nraynl diipn' i tiitJ diirinn cnnnirnlnvcny rornnt 
qooloqic:' time? by n stream or athnr hOily of runninn v/ntnr n^i a ^iorh-:! or :w»mi -r,ortafl ^odimont in 
the bed of a f*trn.im, f Inodnl n in , or doUa; n^nu'cially fiurh a flnposit nf f irif'-qrAirn^d ^.o;^tiJ^f:^ 
(!iilt or clay) d'^po' ^Mfj durinn ti\m of rlood, 

AQUIFrR A (ioolnqic fnrm.ifion, qrnup of fornin ti ons » nr nnrt nf fnnnritinn thnt H water yipldinq, 
ospeciainy a body nf rock or sf?dirnRnt that contains sufficient neni^titjln mtitnrlai to conduct 
ground Wtiter and to vf'^ld ?:^conDmfcal ly sinnificnnt fiUcmtitis?s nf arfiund vhitiT tn v/»01s and 'inr-lnne 
wdLer-oeari nq TorrKinon. 

^ESIAfiJQillFrR (nO^iFINEQ AOUrFF^?), An nquifor hniindefl nbove and b^low by hf>dn with a distinctly 
lower n»?rnieabiT ? ty (Ti r^ducnd cdimbility for transmitting fluidO than that of the aquifer itself^; 
an aqiiifar containinq confinod ground water under hydrostatic prossurci. 

gA S INFL OW, The falr-weathor flow of r.tronms, composed largely of ground-water effluent. 

!^.^Pi5£K- solid rock, commonlv called nodqe," that forms t.ie earth's crust. In the rooort 

arf^a. It U \>? .^ny pxno*;od ah Hin siirfAcn hut r nre rfin^minly is huri^f^ heni^:^ih 1 f^^w inrhf-;' t.u 
much .IS 200 f'^et of iirnjun^ol idated deoosits. 

M£CilCyua The quantity of ux/gen utilised primarily in the bfochenncd] 

oxlcation of ornaoiC n'dtter in ^ soecified time and at a sDecified teinperature. The tiine and 
temperature are usually five days and ZQOC, 

CHgnCAL OXYGEN jEMAriP (COD). The neasure of the readily oxidizable naterial in water which 
provides approximitf on of the minimum amount of organic and reducinq material present. 

CONCCNTf^TrOii. The weight of solute dissolved In a unit volurrc of solution. 

WJ^MSL£M.MQSlBJiSI5)^ A rreasure of dischnrge; the amount of water oasslnq a given point 
expressed as nu.nber of cubic feet in each second. One cubic foot per second Is equal to the 
discharge of a stream 1 foot wide and 1 foot deep flowing at. an average velocity of 1 foot per 
second. 

mmmmi. water that moves over the land surface directly to streams or lakes shortly after 
rainfall or snOr/nielt^ 

OrsCHARGf, The rate of flow of wntnr from a dIpg, an aquifer, n lake, or a rirainaqe basin. In 
terms ot volu-e per unit of time. 

P^'MliMIli« A reqion or area bounded nerlDherally by a drainane divide and occuDiod by a 
drainage system: SDecifically the whole area or entire tract of country that oathers v/ater 
originating as orecipi tation and contrihutes It ultinately to a particular stream channel or 
system o^ channels, or to a lake reservoir, or other body of water, 

D^fjAGfjySTEM. A surface stream or a body of ImDOunded surface water, toqether with all other 
surface^streans an^ bodies of impounded surface water that are tributary to it and by which a 
region is drained. An artifical drainage system Included also surface and subsurface conduits. 

pCRQAClf-IENT LHIgS. (Channel encroachment lines) lines defining that Dortion of the flood channel 
Including area Adjacent to the river banks (located within the floodDlaln) which the Water and 
Related Resources office of DEP deterniines should be reoulated (In accordarce v/lth Statute) to 
Insure preservation of a reasonable flood channel for the passage uf future floods and to minimize 
future flood damaoes. Tne Channel Encroachment Lin^s are based on cornouted desion discharqe re- 
ferred to as the Channel Encroachment Line Design Flood, ^ 

fliEORATIOri. The oroc^^ss, also called vaporization, by which a substance passes from the liquid 
or solid state to the vapor state. - . ^ 

EVAPpTPAN^RAng:!. Loss gf water from a land area through tranSDiration of plants and evaporation 
from the soil. Also, the volume of water lost through evaDOtranspi ration. 

FLOOD, Any relatively high streamflow overtopping the natural or artificial banks 1n any reach of 
a s cream* 

L^MD ILAni. The lowland that borders a river, usually dry but subject to flooding when the stream 
overflows Its banks. 

£MCTU4^.'_ ^ genera] tenn foi- any br^ak in a rock whether or not it causes displacefnent, dup to 
mechanical fdilure by stress. Fracture inciades - ■acks, joints and faults. 

i'AlEl. Water beneath the land surface that is under Btnospheric or greater Dressure - 
the water that enters v/ells and issues from sprinqs. Water in the zone of saturation. 
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M^'^^O^W^TRR jy^nMA]]^ Thf? nrocnnso^ by which wjtnr i^ addod to j nround-watcr rnsorvolr. 



CiRQU ND-WA TER^ RtjfiOFF. Ground vmtr ^hat has dlschiirnctl into stroam chanriGls by Gnepage from satui - 
a tod eartB matef iai s. 

HARDNESS^ O F WAT fr^ . The property or water nonfirally attributable to salts of tm alk-illne earths. 
HSrcfness fias "soap-consumini'i cind oncrustinfj pronerrios ana is cxpressod as the concentrdtlon of 
calcium carbonate (CaCO^) that v/ould be required to producG the obsarved effect. 

^njjj ^jj jJ^J^i ^-3'^^ ' constant cirxulation of water from the sea, throuah thfj a tmor. Dhf, rn , to thp 

land J and its eventual return to the a t;no sphere by way of evaporation from the sea and 'he land 
surfaces, 

HYDROLOGY. The science of tho behavior^ of water in the ratmosphere , on surface of Lhe edrthj and 
undergrounds 

INDUC|D INFILTRAT i .^'N , The Drocess by which water infiltrates an aquifer from an adjacent surface^ 
water body 1n response to pumping* 

INFILTRATION . The flow of a fluid into a substance through pores or small openinqs, Inci cormion 
use of the word is to denote the flow of water into soil material. 

LEACHING . The refTiaval in solution of the more soluble minerals by percolating waters. 

MTNERAl C ONTENT, OF U ATER, The dissolved inorganic, substances * most of which are derived from the 
minarals in rockf! ^It is generally assumed to be equivalent to the dissolved solids unless sub-^ 
stantial amounts of nonvolatile organic substances are present. 

' PERCHED QRO\m H^TER , An Isolated body of ground water separated from the underlying main body of 
ground water by an unsaturated zone, 

PMClHED 17ATER TABLE , The water treble of a body of perched qround v/ater, occurs where a relatively 
irrpenneable layer (e^gp* clay, comoact tilU etc.) exists above the natural qround water table 
and this layer acts to impead water movement vertically, creating an ertificial zone of situration. 

PERCQLATION , Movement under hydrostatic oressure of water through interstices of rock or soil, 

PERtMEABILITY. The prODerty or caDaclty of a porous rock sediment, or soil for transmitting a 
T f uid wi thout imoairment of the structure of the medium-, it is a reasure of the relative ease of 
fluid flow under unequal pressure; a function of the amound of void space and more imnortantly 
their interconnection. 

P|S_TICIDES_ * Chemical comDounds used for the control of undesirable plants, animalb, or insects. 
The term includes insecticides, herbicides, rodent poisons, nematode poisons, and fungicides. 

POLLUTION . "Harmful thermal effect or the contamination or renderinq unclean or imoure of any 
waters of the State by reason of any wastes or other material discharged or deoosited therein by 
any pubiic or private sewer or otherv/ise so as directly or indirectly to come in contact with any 
waters" (Connecticut General Assembly, Public Act No, 57, 1967). 

POROSITY . The property of a rock or unconselidated material of containing voids or ooen spaces; 
it may be expressed quantitatively as the ratio of the volume of its open spaces to its total 
volume, 

PRr cfPITATION. The 'Iiseharge of water, in liquid or solid state, out of the atmosphere, uoon a 
land Of water surface. The quantity of water that has been Drecipitated (as rain, snow, hail, 
sleet) measured as a liquid. 

SATURATED T HICKNESS. Thickness of an aquifer below the water table, 

SATURATED ZONE. The subsurface zone in v/hich all open soaces are filled with v/ater. The water 
table is the upper limit of this zone and the water in it is under pressure greater than atnraspheric, 

SPECIFIC CCNDUCTAN CE, OF WATER . A iiieasure of the ability of v/ater tn conduct an electric current, 
expressed in microhms per centimeter at 250C. It is related to the dissolved'Sol ids content 
and serves as an approximate measure thereof, 

ST RATIFIED DRIFT , Fluvloglacial drift consisting of sorted and layered material deposited by a 
meltwater stream or settled from suspension in a body of quiet water adjoining the glacier. 
Deposits of layered sands, gravels, silts. It clays, 

TILL. Unsorted and unstratlfied drift, generally unconsolidated, deDoslted directly by and under- 
niath a glacier v/ithout subsequent reworking by water from the glacier, and consisting of a hetero- 
geneous mijiture of clay, sand, gravel, and boulders varying widely in size and shape. 

' ^ TRANSPIRATION. The process v/hereby plants release water in vapor form to the atmosphere. 

EJJC oo 



imyU'M fY, nr WATI n, \ho axtnnt to wilicfi fKiru^hnihian of liqht: is rn^trirtiMl by quspf.ffrjt.fi wiUmnt 
micro -vinj-'fis, nr othnr in^^olublf? frntGrinl. Rn^idual or 'normnnnnt" turhidity in ihcjt t au^iPd by * 
1n*»o]-:'I.' ihatnrfdl ifuU roinairn in !iLj5p(?nriDn isftav n Unn sottl ing period. 

}^^}i},:}:lMm}\ X W^^-IARLE, Anij I FfTR ) . One? in which d ; uoper nurfcicn of tho sattiMtod zone 
the ini'»r taUlei U at /itniospheric presi^ure dnd is frue rise and falU 

ii^iS^^lfJLOA^ naf. firmly CGmented or 1nterlD:^,^;}ci , for example, sand in contrast to sand« 

5 tcno » 

\MB!^^:^JJIIS^* znne between the water table and Iht land surface in which the open spaces 
are nut all filled (oxcQpt temporarily) with wate?^ ^ 

WATER T^BLE. The upper Surface of the saturated zone, 

WATER EQUIVALENTS, 

I eubic "foot pnr second (cfs) - 450 gallons per minute* or 7 1/2 gallons per second 

I cfs for 1 rifiy, or 1 cfs-djy,^ about 2 acr^ feet 

1 acre foot^3?6,000 gallons 

1 cubic foot v/eiqhs 62*4 pounds 

1 cubic foot-Z 1/2 gallons 

1 (::allon^8,33 pounds 

I ton-240 gallons 
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Hawletti John 0,, and Wads L, Nutter. An Outline of Fores t Hydrology. Athens. Ga. Universtty 
of Georgia Press. 1959. — 

This Is a semi-techn1cal introduetory hydrology text Intended for foresters, 
but well suited to the interested lay person* A basics but thorough explana- 
tion of how water behaves in the natural system and how the land affects it. 

Hill, David E., and Hugo F, Thomas, Use of Natural Resource Data In Land and Water Plan-^ 
r4M* ^^ew Haven, Ct,* Bulletin #^33 of the Connecticut Agricultura] Experiment ^STa^ 
tion, 1972. 

An excellent semi -technical introduction to the title topic. Includes dis- 
cussion of thi significance of various natural resource factors to land use 
and a description of the data sources available in Connecticut. A case study 
denionstrates the planning process involved. 

Knaler, Jon A,, and Thomis H. Lee. Regulations for Fllod Plains , Chicago, 111., Anieri- 
can Society of Planning Officials Advisory Service Report #2775 1972, 

An exceptionally lucid semi -technical explanation of floodplatn delineation 
and regulationi covering both hydrologic and legal considerations, A valu- 
able aid for a co^unity considering floodplain zoning or similar regulations. 

Lavlnep David and Charles Dauchy, Dorothy HcCluskey, L1i: Petry* and Sarah W. Richards, 
Ev aluation of Inland Wetla n d and Water Course Functions. Durham. Ct,, Connecticut 
Inland WetVahds Project^ 19^5, - - 

This Is a comprehensive study of Inland Wetlands regulation In Connecticut. 
It is a must for any citizen v/orking on an Inland Wetland ComiTilssiQn. In- 
cludes case studies as well as the rationale behind the law and regulations. 
Highly reconniended. 

Other publications of the Connecticut Inland Wetlands Project: 
AdministrDti ve Handbook for Inland Wetland Agencies , As above. 
Identifyin g Functions ^f Inland Wetlands . As above. 

Implementing Aids for Inland Wetlands and V/atercourse Agencies, As above. 




New York Water Resources Co^isslon. An Atlas of Lonn Island's Wate r Resources. New York 
Water Resources Cofiinission and U,S, Geological Survey /Bulletin ^62* 1968. 

The first systematic approach to hydrology. These planners are beginning to 
provlds for one area a systems analysis of water and land use. This pub- 
lication is semi -technical . 
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StPcihl r?r, Arthur Thr? rnv]rnn'"f? nt:jl jrn..irt: of GrourKi ^^'^lgM!3e_j)n C^ pc^^Cnd . OrlGans* 
Ma,, Tht? Associatiun for the Prfistirvation bi^ iU\ph Cod, IncTt Vf/f, 

A Itiyfntin'ii Introduction to thf? hydroloqy of CnriG Cod, Even though this 
report WtVi dnsirjnBd for one runion the basic infomiation applies to any 
placo In the country, 

U.S. Department of Aqricul turo. Cantrollin^ Ern sujrLjDn Const ruction SitfiS. Washington, 
Agriculture Information Du 11 e 1 1 n "f/347; 1970". 

A layperson's introduction. Explains the consGquences of erosion and means 
of combatting it* 

U,S* Department of Agriculture. ErQiion and Sediment C ontrol fjandboofc for Con necticut. 
Storrs, Ct,i Soil Conservation Servico. 

A technical handbook for the design oF sediment and erosion control measur^'i 
and structures. Helpful for the community that plans to require control meas- 
ures on construction projects. Also contains techniques to project potential 
soil 1os5 from a construction site. 

U.S. Environmental Protection Aqency, Processes. PrQcedures, and Met hods to Cont>'u1 
Pon ution ResQltinq from all CnnstrucfciQn Activity , Washington, OVCV, OTfYce " 
orTir and Water Programs. 

A comprehensive semi -technical sufriTiary. Non-scientific, In language, but 
detailed and extensive. Excellent background for development of regulatory 
policies. Raises nany unanswered questions as well in this relatively new 
field, 

U*S, Environmental Protection Agency. Toward CI eaner Water - The Mew Pennit Program t o 
Control Water Pollution . Washington , D.C. / 

A citlien infofmation booklet on the National Pollutant Discharge Eliniination 
System (NPOES) under the Federal Water Pollution Control Act Anrondments of 
1972. Explains the law and the permit system, including the roles of federal 
state and local governfnents and public citizens, 

U.S. Geological Survey, A Pr imer on Water . A Primer on Ground Water, A Primer on Water 
Q uality . Washington, D.C. Department of the Interior. 

This series of booklets offers an excellent basic layoerson's Introduction 
to the topics. They are practical booklets focussing on water and factors 
affecting Its use. They do not deal with land-use itself, but do discuss it 
as related to water, 

U,S* Geological Survey. Hydrology for Urban Land Planning - A Guidebook on the Hydrologic 
Effects o f Urban Land Use~ Washington, D,C. , Department of the Interior^ Geological 
Circular 1554, 

An excellent semi-technical sumnary of the title topic. Bast as a follow up 
for the primer series, or for someone v/ith a basic background. Directly rele- 
vant to land-use planning and decisions, 

U.S. Geological Survey, Water in the Urban Environment , Washlny^on^ D.C, Geological 
Circular #601 Series. 

This series of semi -technical booklets covers a v/ide range of topics related 
to v/ater and urban or suburban developentent. It provides a good follow up to 
the prln^rs and a complement to the Circular #554 as general background, 

U.S. Geological Survey. Geologic, and Hydro log i_c^M a_Ds for La nd-'U sePl an ni no 1n the Connecti- 
cut Val ley. Washington, D.C. , Departniant of the Intenor, Geological Survey Circular ^'674, 

An explanation of the maps of natural resource data being developed by the 
USGS's Connecticut Valley Urban Area Project. Has examDles from the folio 
of the Hartford North Quadrangle, Although their availability is still limited, 
these maps display Qeologic and hydrologic information 1n a fortn directly usable 
for land-use decisions and planning, 

U.S. Geologic Survey 1n cooperation with the Connecticut Department of Environmental Protection. 
Water Rosources Inventory of Connecticut . Washington, D.C. 

This series of reports describes the v/ater resources and hydrology of ten river 
basin air^as comprising Connecticut, The summary reports for each basin are semi- 
technical and valuahle sources of information for the infonned layperson. They 
provide general exDlanatlons of the basin*s geology and hydrology and assess both 
the needs and resources of the area. Even if your basin Is not published, a neigh- 
boring basin report may provide valuable backnround. 
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IIYDR05YSTEMS 

i 

W^lcoHH, to the Und Use Planning unit on HydrOsyntRms. Hydrolony is a latin term for the 
study of water. In this unit we will nudy water as it flows alom its natural course ai. w«11 .1-, 
when 1t5 natural flow 1s altered by use of the land, lafor, procoenim,' r.ru,«,v.|j;-^^:;r l:,. ...... 

and read through the specific objectives which this unit designed to help you master. In this unit 

we win examine the interchange of water's flow with human decisians about land use. In order to 

appreciate the importance of these objectives, consider for a moment the many and varied ways you 

use water. Your drink water and other liquids made from water. You wash and bathe with it. 

Water carries away domestic and Industrial wantos. You may enjoy a variety of water based recre-. 

ation I.e.. swimmng, boating, rafting, water skiing, etc. And. as on slide # U if you have .5. #1 

spent nights at the beach or sunsets by a fresh water lake you know that water is beautiful and 

can be an aesthetic experience. 

This unit is about how and wh. our needs for enough good quality water are usually met by 
nature and how proper land use dect:.ions can preserve or enhance th^t natural supply. 

The noted envlornmentalist, Barry Con™ner has stated 1n a slrollfiad form the "laws" of 
ecology. The first three are listed on top of Guide Sheet #2. ff 2A 

1. Everything comes from somewhere. 

2. Everything goes somewhere, 

3. Everything is connected to everything else. 

If you think about these three simple statements in terms of water, they describe the flow 
of water in a cycle. Water comes from rain clouds in the atmosphere. Rain falls upon plants, 
the land, and streams. The water flo-ws from the land to rivers, to lakes and finally to the 
ocean. The water in the ocean eventually evaDorates making clouds anew. The place water comes 
from Is the place It goes: Thus Comoner's 3rd law: everything is connected with everything 
else - defines a cycle through which water flows. This is known to scientists as the hydrologic 
cycle. This natural hydrologic cycle is our first object of study. Before we proceed to discuss 
the hydpologlc cycle in depth, turn off the recorder and famniarize yourself with Guide Sheet H 2. 
(Pause) 

.Let's follow the path of water as it moves along its cyclical path as the diagram at the 
bottom of Guide Sheet # 2 illustrates. It starts as rain, as we mentioned earlier. A certain 
amount of rainfall Is "Intercepted" by plant leaves and flowers. Some of this rain is absorbed 
by the leaves and some of it evaporates. The remainder reaches the ground. There It begins to 
soak into the soil. Gravity draws the water down through the spaces between the soil particles. 
If the rainfall is too rapid not all the water may be able to filter through the soil. This rain- 
fan is excess which runs off over the soil surface. Sore of this surface runoff may be trapped 
tcfflporarily in small depressions on the ground surface, where it will later evaporate or infil- 
O trate the soil. The rest of the runoff will flow over the surface to drainageways and streams. 
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This inftlal 'Uirfjcr? runnff contributtf^i to tMo h\qh InyfO of strndtiis fonnwinq li^Mvy rairn.. !lnimi 
of this stTCamfiow may stored tQinnnnirily in wn if^rbod i or vmtldnds and then umy im n!lf?dni?fJ 
more slowly or py.inorritn Icitcr. The rmiiai ndE:^r of this ntrnj/Mnow continues its downstrcMiii tr^ya] 
to the at'a. 

This flow of viator just described in only on^i part of water's Journoy from r.nn, to v/ater on 
land, to water in the ocean. It is the flow of surface water rilso known os "overland flow". But 
the rain that reaches the ground and then infiltrates the noil takes a lonqer and slower, second 
route to the ocean, Befora we find out in detail about this second ^= the underground water - 
route, turn off the recorder to look at a diagram of this second route on Guide Sheet ^ 3. (Pause) 

Hater that yntcr^ the soil 15 f1r^t ah^^nrb^J rh^ sniallpr pore 'ipaces of the soil, Thi^ 
occurs because of the attraction of water molecules for each other and for the soil particles. 
This Is the same force that makes a paper towel absorb water. It is called ''capnUry action". 
The remainder of the water continues down through the lai-ger pore spaces because of the force of 
gravity. Even after rainfall has ceased, cirayity continues to draw water down throuqh the larger 
spaces. In the smaller spaces, the water may be held against gravity by the Gapillary forces. 
Much of this capillary water will be available to plants after v/ater has drained from the larger 
spaces and been replaced by air. Deeper in the ground is a zone 1n which all spaces 1n the under- 
lying rock, surface deposits, and soil, are filled with water. This 1s the zone of saturation. 
The upper surface of the saturated zone is called the water table . The area above the water table 
is called the zon e 0^ aeration or unsaturated zone. In the zone or aeration the smaller pore 
spaces have only their store of water from the infiltrating rainfall. 



called transpiration. The plants extract water from the small soil spaces^ drying out the soil 
above the capillary fringe. This drier soil soaks up most of the season's rainfall before it 
reaches the ground water to recharge it. If the water t.^ble Is within reach, plants may also 
draw dfrectly from it or from the capmary fringe. All the time, the groundwater is being dis- 
charged to surface water courses further downhill. These factors combine to lower the water table 
during the growing season. 

Then during the late fall, winter, and early spring, with no transpiration from the plants 
and little evaporation from the soiU the soil pore spaces are refilled with water, Now, more 
snowmelt or rainfall reaches the water table than is discharged to streams and wetlands and the 
water table rises. Thus the water table fluctuates seasonany and even year to year. This Is 
particularly true in higher areas away from streams. 

Gravity pulls water down through the ground, perhaps past the zone of saturation until it 
roaches the bedrock surface as 1s Illustrated on Guide Sheet n 4, If the bedrock is below the 



During thep 



^growing season, plants draw water from the soil and it evaporates from their leaves In a process 



zone of saturation, the water tends to flow downhill, ultimately emerging 
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.^rv.m. woni.in.i. i.prlrv) nr nnruL , l\w canil^liMUcHi uf th^ vmiqlil: of t:hf^ wnf;nr ufihili .tntl t\u^ 
rplniv^ny iinp»nr.N,[Hr> Innlrork Isnlow nuiy cnrin Lhf^ MrounH vvatnr La curvp iiiiwanl umUir Lh^ luw- 
Lind-i <irKl to .v, Mjrf.icn w.^ttn- Ihin rpufMnblos thii flow af Wrttor in a curvrnl [npc mnvinn 

upward under prr-.nuro frnm j f^uicet nbnvn . Water hhnn flow^ in thn stn^am, downhill, by rhi^ 
c.isif^r routo, This whol^? nrure'is i-^ cailrMl nrnund water "Hi ^^chanjC!" . It is thir> di^chdrne frnm 
firound water th^t contribiito^ water to ^;trnam'. b^VMrn) ViUt t>tonn5 that prDviHo dirf>ct 'lurface 
runoff. Stop the recorder to ntijdy nuidn ShfPt ^ 4 further, (Pause) 

Thl:> t)rourui water discharqo, alone) with thn surface water flow fli*;cu';:;ed narlter, CQfribim^n 
to form the ovfirall flow of rain to the ocnan . Ther^e two flown are not always the '^ame in volume, 
or muv-^o each flow varfn*^ .nth the frrvqitency and onciirencn nf rain or !^nnv/nin1t. 

Ono"of^he^two anppct^ of the hy^ mlucjic cycle from the point of view of a land 

usf^ decision /naker is tho qualrtv of water available In general and the (UiMMil ^'^^^^ avail- ^ 

35 indicated by ^lide ^3. i 
able in a particular place at a particular tinie Tho second area of this unit's ntudy covers 

those natural and manHnade factors which control when, where, and how much water is availablo. 

Another cofriponent of the availability of water is the natural and artificial pollutants connected 

with any quantity of water. We will especlany concentrate on how land use decisions can alter 

the quantity and quality of water. 

The absolute limit of water available to man is set by his natural sources of water: 
rainfall and snovvrr^Ot. Everyone talk about the weather, but nobody can do much about it. As 
we will see later, planninn that relies on the weather always involves a gamble. 

Once water reaches the ground, the amount of v/ater available is determined in large measure 

G B 

by the characteristics of the drainage basin or watershed it falls into. As Guide Sheet H 5 shows, 
a watershed Is the area of land that gathers surface runoff flow from Drecipitation and funnels It 
ultimately to a particular stream channel, reservoir, or other body of water. As the diagram shows, 
a large drainage basin feeding a large stream can also be broken down into smaller sub-basins feed^ 
ing smaller tributary streams. These boundaries of a watershed actually govern the surface runoff 
flow. Ground water movement may not follow them precisQly. But for most practical purposes, 
these surface drainage area boundaries or ''divides" can be assumed to apply to ground water, too. 

Identification of a drainage basln^s boundaries is important since the overall area dotermines 
how much rain will be caught and fed into the system. In addition, the characteristics of the 
land within the basin deterniines where and how fast the water g^^es as are listed on Guide Sheet ^5. 
We will discuss these factors later in this unit. 

Let*s look now at how watershed boundaries can be determined on a topograohic maa as on Guide q^q^ 
Sheet f 6. If you're unfamniar with nw to read a topographic map, you might want to try the map 
reading unit for a more detailed exp": lation. Let's assume we are planning a reservoir at point A 
and we want to know what area will contribute water to it. Starting at our proposed dam, at point A 
we draw a line uphill as close to nornendi cul ar to the topagraphlc lines as oossihle. This line de- 
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fhi-H tfu» Mow >)f vnitiT frnm fiiqhijr ]tAv»^r f^l-vdUtins. Wt? wcjrk up to t\w ^f^ire%t hilltop nt 
point (L f rurn LhMry, wm follov^ t!w» fiinh*:^;.!. 'j»'"Uf''' ^'^^f^^'^ hHUop to fnlUop unUI we cofijo "full 
cyclfj" to point: A, Tin? pMrirm^U^r of thf» lin^? outlirms th« cnntourn of the w^tornhed for polnfc A. 
Rainfall imirio that: ])pr\\vx}tQr uiir supply, 

Nnw, try nnother example yoursnlf, flark out the wjtnrt^hnd for n rnservo^r at point C on 
thr^ map. Turn off the Uim while you work. (Pnuif^) 

A topographic map can tilso help you clpternilne when: nmall clrai nagj^ways cind Intermittent 
strearm arff, f*ynn if they're not actually ihown in blue! on a normal topofiraphic iiutp. First, let-s 
Inok at ihn ntmam mar the letter D in nuide ^heQt f^6, Notico how the topogr.ujhic lines Mm a series 
of V'h or anyles with the points polntinq uphill as you follo^v the stream. This is a corrfifnon feature 
v^iere a strt^ain iS cuttinfj into a slope* eroding a small valley. 

Now, Int'n look at the land within a watershed and how it affects the moverr^nt of the water. 
Slope is a first Important characteristic of the land. On a topographic map a steeper slop8 is 
shown by closer topographic lines. The steeper the slope, the faster direct surface runoff will 
flow to the streams and the faster the streams themselves will flow. If this flow from several 
smaller tributaries reaches the r^im point on a larger stream at roughly the same tlm^, a sudden 
or "flash" flood can result as slide # 4 shows* These are dangerous and may cause property S. # 

damage or even death because they cannot be planned for. In the case of 1972 Hurricane Agnes 
most of the 123 roportGd deaths occurred from flash flooding which occurred in the first 6-12 
hours. Such catastrophe is less likely to happen if the slope of the watershed is flatter. Run- 
off from a given storm will then be spread out over a longer period of time. For several reasons 
to be explained later, this results in less flooding- 

The shape of the drainage basin is a 2nd characteristic which can make a difference in sur- 
face runoff flows, In a long narrow basin such as diagram A on Guide Sheet # 8 peak stream flows ^ y 
from Sub-basin 1 might reach the bridge long before those from sub-basin 2 which have a greater 
distance to go. Thus the flow of the surface runoff past the bridge is spread over a longer time 
and the peak stream flow is lower and less dangerous. By contrast^ diagram B shows a basin with 
more of a funnel or pear shape, here, the surface flow from the sub-basins will all reach the 
outlet at about the same time, This concentration will cause a higher surface flow in a shorter 
period of time. This increases the possibility of flooding. 

The geology and type of soil of the watershed Is a third important characteristic of a waters- 
shed which affects the amount of surface water available. Geology and soil type also affect the 
flow of groundwater within the basin. This will be discussed further on* 

0,5. 

Turn to Guide Sheet .f 9. This diagram shows a typical example of the distribution of geo- # y 

logic deposits in Connecticut. Upland aroas are generally composed of glacial till and bedrock 
or ledge, often with steeper slopes* These areas have a relatively low infiltration capacity. 
O Thus, much rainfall is apt to be left on the surface. Steep slopes then speed the surface runoff 



to stfiams In the basin. Since inflltfation is limited, these upland areas will contribute re- 
latively little per unit surface area to racharge groundwater. But since th^y cover a large 
area In total, their total contribution is very significant. 

Land 1n the lower valleys have a subsurface layer of fine clay sdIU In most Instances, 
The clay soils are too dense to allow for high filtration. Also* wetland areas where the ground- 
water table is at the surface have no space left for infliltratio. But since lower valleys and 
wetlands are relatively flat, the excess rainfall does not run off as rapidly as it does from 
steeply sloping lands and may provide some additional opportunity for ground water recharge. 

Sands and gravels may be found in valleys or as terraces along valley sides. Their coarse 
texture, with lots of large pore space, perniits rapid Infiltration or rainwaters. This leaves 
less to run off over the surface. Thus sand and gravel areas are the most effective groundwater 
recharge areas* 

Within a watershed, floodplains and wetlands are geological formations with their own specif- 
ic characteristics These areas can serve as sponges which absorb sudden flows of surface water 
and then release these water more slowly^ as the surface flow subsides. Turn to Guide Sheet f 10. ^ ig 
Floodplains and wetlands are generally broad and flat as slide # 5 shows. They can store and S. n I 

then slowly pass large volumes of water with little increase in their own water depth, A flood- 
plain can thus be viewed as part of a river which the river occasionally uses. 

Everything we have Just considered about a watershed has Involved the quantity of water a- 
vailable as surface run off or over land flow. But, as we now know, there is a second route rain 
travels to the oceans, the groundwater flow. The topography and geology of the watershed will 
affect the flow and quality of groundwater in the basin. The key to groundwater flow is a geo- 
logical formation called an aquifer. Aquifers are any geological formation that are capable of 
readily holding and transmitting ground water. Good aquifers are important both as sources of 
well water suDoly and because their discharge helps sustain stream-flow during dry periods. This^ 
Stream-'flow that is fed by groundwater is called ''base" flow. It is important in providing sur- 
face water in streams and rivers for man's use and also in maintaining aquatic habitat and water 
quality during the dry season. Aquifers differ as to how much water they hold and the rate at 
which water can move through them. The amount of ground water held in a given volume of soil or 
rock depends on the amount of pore space or fracture space. The rate at which the water can 
move through a deposit depends on the size and number of the individual pores and, most importantly, 
on their interconnection* 

The geologic formations and deposits containing ground water vary widely in their ability to 
both store and transmit ground water. Guide Sheet # 11 sufmiarizes the water holding characteristics ^ ^ 
of several cormon geologic formations. Turn off the recorder while you study Guide Sheet I U, 
Refer back to Guide Sheet #9. It shows a generalized view of the location of these diffDront 
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geologic deposits. Let's consider, now how typography combines with geology to detennine the 
overall pattern of ground water flow. The till uplands hold a nKsderate amount of ground water 
which moves slowly downhin emerging In streams or wetlands, or entering stratified drift deposits 
1n the valley areas. The stratified drift deposits may hold large amounts of water and may trans* 
mit It relatively rapidly depending on what the deposits are made of. On Guide Sheet # 9, the 
till and bedrock uolands, stratified drift terrace, and flood plain of alluvtum (river-deposited 
soils) all serve as recharge areas* while the streani, pond, wetlands and river serve as diicharge 
areas. 

This eompletes our view of the natural system affecting the quantity of water flow as both 
SUffaee water flow and ground Vrater flow. Guide Sheet # 11 * Part B contains a sunmary of the 
factors we discussed. 

Let's now see how this natural pattern of water movement and storage interact with man's 
activities. First we will consider how natural patterns affect man's ability to obtain drinking 
water from the ground by wells. Second, we will consider the great problem of too much water at 
one place at one time* This second topic is generally known as the problem of flooding. 

When n^n plans for well water supplies , the yield he can expect will depend on the aquifer 
he taps. For single-family homes, any aquifer will normally give adequate production* In most 
bedrock, the wall muit intefcept a fracture system filled with water. In glacial "till" you must 
be sure that the water table does not go below the well in a dry season. Most people now drill 
on through the till Into bedrock for a more reliable supply. By drilling far below the water 
table, the well intercepts more fractures and the weight of water above helps to move water 
through the fractures Into the well. 

For public water supply systems or industrial and commercial use, deep sand and gravel de- 
posits are the best aquifers. In many cases, wells pufriping an aquifer such as this, close to a 
fiver, can lower the water table locally* enough that the nonnal discharge of ground water to the 
river is reversed. 

These stratified drift aquifers are also exceptionally imDOrtant in sustaining stream flow. 
In general* the greater the percentage of a drainage basin covered with stratified drift, the 
lower the high flows and the the higher the low or "base" flows that are sustained by ground water. 
Higher base flows mean more constant surface water supply, better aquatic habitat, and more water 
to dilute whatever pollutants may enter the system or provide for man's industrial needs. 

An essential aspect of land use decision making in relation to the hydrosystem is planning 
to have amoly supply of fresh water and having adequate capacity to dispose of the waste water. 
This is an extension of Barry Commoner's laws of ecology - All water most come from somewhere 
and all water must go somewhere after use, Sound planning requires considering the requirements 
for an adequate supply of fresh v/ater and the requirements for an adequate capacity for sewage 
disposal. Are you aware of how much water an average house uses per day? (Pause) On Ciuide Sheet # 12, 

it ■- 
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there Is an activity tHat will halo you determine the water consumDtion of an average home. StoD 
the recorder while you complete the activity* 

Approximately 20^. of the homes in Connecticut obtain their water supply from wells. In addi- 
tion, several municipalities obtain their water from wells located in major aquifers. 

When ground water Is being withdrawn by pumping^ the reduction of pressure surrounding the 
point of Intake causes the water table to be lowered, a phenomena called drawdown. As shown on 

G.S. 

Guide Sheet I 13, drawdown causes the water table to develop a depression 1n the shape of an in- ^ 
verted cone known as the cone of depression. As pumping continues, the cone of depression deepens 
and enlarges, extending its influence over a circle of widening radius. The cone continues to en- 
large until the recharging of ground water is balanced by the well withdrawal of water. Where 

many wells are being pumped, their drawdown cones intersect and their effect 1s additive, with 

v/hich 

the result of lowering of the water table, while not unifonn, is felt generally over the region. 
The table in the middle of Guide Sheet # 13, illustrates that the size of the recharge area 
necessary for any well depends on the quantity of water used as well as the amount of rainfan. 
If you well pumps 420 gallons per minute, an area equivalent to a cirele with a 2600 ft or 1/2 mile 
radius is needed. Comoare your requirement for water with the recharge area table on guide sheet 
I 12 with the recharge area table on Guide Sheet § 12. Stop the recorder while you complete the 
activity. 

Whether used for private or public purpose, wells along Long Island or other salt water 
bodies face a particular problem. In coastal areas where permeable rocks are in contact with 
sea water, fresh water wells may yield salt water if pumped excessively* Refer to Guide Sheet 

# 13, Part C. Because the discharge of fresh ground water in the seaward direction is reduced 13C 
by inland water withdrawal, the interface between salt and fresh water moves inland. Eventually 

the salt water forms a wedge between the fresh water body and the bedrock as shown on Guide Sheet 

# 13. Ultimatalyi the salt wedge reaches the location of the wells which then becomes contaminated. 
Salt water intrusion problems are common along the East and V/est coasts. It can be alleviated by 
increased ground water flow, by increased surface water flm^i and by controlling the total back- 
flow of the salt water by pumDing fresh water into the aquifer between the well and the coast. 

The quality of ground water helps detenriine base flow of streams and the availability of 
drinking water. In a similar fashion, the quantity of overland flow is closely related to another 
natural factor - flooding. Turn to slide ? 6. S, # 6 

Flooding occurs when rainfall or snowmelt releases more water on a drainage basin than its 
soils can absorb or its channels can conduct away without overflowing their banks. The most im-- 
portant cause of flooding is not the total volume of water released, but its concentration in the 
drainage system in a limited tiira. Flooding occurs when there Is too much water In one place at 
one t1:nep 

Floods may be described 1n several ways* The height of flood waters, called the "5tage% is 
^ AO 



related to both the aniount of water flowing and the topography of the vaney through which the 
flow must pass. For example, in relatively flat areas a small change in stage makes a large dif- 
ference In the amount of land covered. Refer back to Guide Sheet § 10 to refresh you memory cn 
the flow rate* 

From historical records of rainfall and snowmelt and from records of actual floods, scientists 

can compute the probability of a flood of a certain magnitude* Larger floods are less frequent than 

smaller ones. Floods thus have a probability of occurrence during any one year as shown on Guide ^-S- 

# 14 

Sheet I 14* They can therefore be described by the number of years which statistically must pass 
to havi a flood of such a size« A 50 year flood 1s one which will occur, on the average, once 
every fifty years or which has two chances in 100 of occurring in any single year, Thii form of 
description is niustrated by Guide Sheet # 14. This guide sheet graphically shows the different 
levels of flooding caused by floods of different magnitudes. 

Land use decisions must be concerned with small frequent floods as well as large catastrophic 
floods. The 100-year flood is a major flood and on larger rivers it may bring considerable danger 
to life and property, flost flood control programs are designed to protect against floods of this 
size* A more frequent flood, such as the 25-year flood, will have lower flow rate and water levels, 
and consequently, causes less damage* Smallerj but more frequent floods which slightly overflow 
the stream's banks will cause less damage, but because of their frequency, may be a repeated pro- 
blem to property ov/ners who have located their dwellings within these flood areas. 

The history of Hurricanes Agnes in 197Z, is an instructive example of what factors cause 
severe flooding. In the Susquehanna River Basin 15-18 inches of rain fell over a five day periods 
The highest 24 hour rainfall was 14 1/2 Inches* In slide # 7, one can see the results of over a S, # 
million cubic feet of water per second that flowed in the Susquehanna River at Harrlsburg, Penn- 
sylvania* 

Agnes caused widespread, monstrous flooding partly because rainfall was widespread rmd partly 
because of the time of year* Agnes occurred in June Instead of August or September, Because rain- 
fall was widespread and because of the preceding floods, with smaller losses so early in the season* 
flooding was very widesDread, and it rDSUltcd from ordinary heavy rain as well as from the more 
intense centers of rainfall. The tropical storm fell upon the same land that earlier had experi- 
enced heavy rainfall coming from the west* The preceding ^torm saturated the ground and set the 
basin up for Agnes to do the finishing touches* Precipitation wasn't able to get into the graund. 
Runoff factors were very high - well over 50 percent* In New England runoff Is about half of precipi- 
tation. In the Susquehanna River Basin it was running about 70 Dercent because the ground was satu- 
rated. 

Let's now consider how one of man's land use decisions affects this natural problem of flooding. 
Everyone is familiar with the advantages of a city or other urban and suburban areas* However, the 
decision to live in urban contors has its impact on the natural hydrologic cycle, Consider first the 
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need to pave over soil in order to make roads to and froni a city, the parking areas of a shopping 

center, the shopping district of a town as in slide # 8. When you pave ov^r the whether # 8 

you then build on top of that or not, water that falls onto that area cannot filter through the 

soil into the ground water reservoir. The surface water is prevented from recharging the ground 

water underneath by the pavement. As a result, water that falls on pavement or buildings has 

only the ootlon of going through the water cycle as surface runoff. Nornially half the rainfall 

enters the water table while the remaining half becomes surface runoff. In a highly urbanized 

area the surface runoff may range from 70 - 95% of the total rainfalU This means that there 

is more of a chance of flooding from a given amount of rainfall. Furthermore, with less recharge, 

the water table may fall. Less ground water means a possible loss of well supplies and lower 

base flows in streams and rivers. 

But this is often only the beginning of problems which result from poorly planned urbaniia- 
tion. Rather than letting the excess runoff back up on lawns and green grass, often man decides 
to pipe the water away as rapidly as possible. Natural channels* like the one in slide #9* # ^ 

often twist and turn or contain vegetation or rocks that slow the flow of water. But these natural 
channels are sometimes "improved" by man* They are widened, strainhtened , deepened, and lined with 
concrete as in the next slide, ^ 10, so that they carry excess water away faster to prevent flood- # ' 

ing in that area. 

The purpose of channelizing streams is to decrease the flood stages by removing runoff as 
rapidly as possible. There is a limit to the aniount of improveinents tliut can be done. Once this 
limit is reached, the benefits end. 

This sudden flush of v/ater goes on downstream where it becomes someone else's problem. Be-* 
cause the natural channel downstream is not adapted to carry this large flow the natural channel 
floods needlessly. 

There are several negative points to these channel improvements. First of all, they are ef- 
fective only 1n the stretch of "Improved'', and result In increased flooding downstream. They also 
increase orDs1on» remove sv/amps and reduce the water table, and do great damage to wildlifa habi- 
tats. Channel impfovements are also used as pork barrel projects and often placed in areas where 
a boondogqle is their only purpose. 

If several of these concrete lined channels empty into the same stream at about the same time, 
the result is more water in a shorter period of time than before urbanization. The combined effect 
of these b'/o factors, imnDrvious water surface area and more rapid drainage flow^ can be shown by 
a change in the hydrograph for the area* Guide Sheet I 15 shows two hydrographs for the same lb 
size stom - one before and one after urbanisation. Foil owing urbanization, there is a greater 
total runoff shown by the area under the curve, and a higher peak flow rate for a shorter period of 
ttn>e. The total dffect is incre.^sed flood inn. Compare the two fiydrograpfis in Guide Sfieet H 15. 
Stop the rncord^^r while you read the guide sheet* 
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Urbanization interacts with flooding in another way. Land uses in flood plains have always 
been subject to the hazard of periodic flooding, but with upstream urbanization, that hazard in- 
creases. To avoid flooding, development in floodplain areas is often placed on solid fill above 
expected flood levels. But this "encroachment" as it is called can magnify the chance of flaod- 

G S 

Ing! As shown on guide sheet I 16, encroachment reduces a flood plain*s natural capacity to ^'^^ 

the 

pass flood waters. Guide sheet § 16 illustrates the value of flood plain as a natural buffer to 
flood damage. Turn off the recorder and study guide sheet # 16. (Pause) 

Encroaching developnient can act almost like a dam, obstructing or backing up flood waters and 
raising upstream and local flood levels. This may endanger upstream structures and the encroach* 
ing structures as well* 

How can these flood dangers be reduced or avoided? The first step 1s to reduce unnecessary 

impervious surface area created by roads and roofs* This will reduce excess runoff. This can be 

acconiplished 1n part by cluster or low density development. Then, rather than hurrying storm water 

or 

away, it should be retained on the cite in natural depressions engineered basins where it can in- 
filtrate tOf the ground water or be slowly released to surface streams. The more that streams can 
be left in their natural conditioni the more slowly will they conduct flood flows. 

In the flood plain, the best policy is to avoid building In such an area In the first place. 
Guide sheet § 17 lists some of the sources of information on flood hazard areas. They can provide ^ 
maps shov/ing areas covered by various frequency floods. Towns can zone their flood plains to per- 
mit only certain uses or to require special structural precautions. 

Although flooding is a natural problem that has been always present, which has been aggravated 
by the more recent trend towards urbanization, no integrated program of land use control has existed 
until very recently, In Connecticut, this integrated program 1s spearheaded by a new set of laws. 
The particular types of laws and their requirements are described in the units on Local Implementa- 
tion and State and Federal Implementation. It Is sufficient for our purposes here to state merely 
the purposes of these legal enforcement programs. They are also surrinarlied on guide sheet if 17, 
Part B, Stream channel encroachment lines prevent encroachTOnts from being built in flood plains. 
Flood plain zoning restricts the land uses of flood plains to those uses which are compatible with 
the natural v/ay a flood plain acts to reduce flooding. Flood plain insurance provides a financial 
lever to insure that local communities with flooding dangers take precautions to avoid flooding. 
If communities co-operate, it will enable citizens of such communities to Insure themselves against 
damages and injuries due to flooding, These legal problems help to alleviate the likelihood of 
flooding and Its severity should it occur, but they require citizen participation to be maximally 
effective. That gives ^ou. a necessary role In one part of the hydrologic cyclei 

Up to this point, we have con..iriered the quantitative aspect of the hydrologic cycle, and how 
it InLoracts with man's decisions concerning land use. But, it is also irroortant that the quality 
of however much Weitor is needed he annropriate to our use. Thus, water that we drink must he cleaner 
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than water we sail on, Sifiinafly, water that we swim in must be cleaner than water we use to 
carry away Industrial wastes. In Connecticut, regulatory agencies classified waten/ays into four 
grades of water Quality as is shown on guide sheet # 18, Stop the recorder to review the water ^'^g 
quality standards on guide iheet § IB. In the following part of our study of water we will consider 
the hydrologic cycle in terns of the quality of water, and how this quality Is related to man's de- 
cisions concerning use of land. 

Just as flature has its own processes which regulate how much water is available s flature has 
its own processes which dirty the water and those which clean it, Even before man-made pollutants 
enter the hydrologic cycles water in the form of rain is dirtied. As it roves through the hydrology 
ic cycle the quality of water is altered. These chanqes are depicted on guide sheet # 19, FoTlow ^"^^ 
the diagram on guide sheet § 19 as we continue our discussion. 

In step Ij precipitation Is relatively dirt free* Once this precipitation reaches the ground* 
It moves through soil and rocks - numbef 2. As It does sos this ground water dissolves some of the 
minerals present In the soil and rocks as in numbers 3, 5, 6, 9, and 10* These minerals become dis- 
solved in v/ater so as to alter its quality. We all know that water In some places makes soap suds 
easier than water from other places. This v/ater which does not easily make suds when we soap up is 
called '*hard v/aterl\ Such water contains certain minerals v/hich prevent or retard sudsing. Water 
which makes suds more easily is known as "soft water''. Whether water Is ''hard" or "soft" depends 
on the minerals it dissolves when it flows through the hydrologic cycle as ground water. Clearly, 
the minerals dissolved deDend on the type of soil and rock through which the ground water flows, 

G S 

Guide sheet # 20 lists some minerals » their source, and other significances to their presence In #*2U 
water as dissolved solids. These are included for you future study or reference. Return to guide 
sheet ff 19. 

Minerals are not the only particles water picks up on Its travel in the hydrologic cycle* As 
It flows over the surface as runoff and In stream beds it picks up soil particles and small bits of 
organic matter as In number 2 on guide sheet # 19, These particles are called sediment. They may be 
decaying plant lifSp in v/hich case they add a brownish color to water. Or , they may be decaytng ani- 
mal matter. Depending on the type of matter these particles may also change the color of v/ater* add 
minerals to the water* and even use up some of the oxygen in the v/ater to feed the bacteria perform^ 
ing the v/ork of decomposi u. ..n. 

flature has Its own ways of Durifying water from these dirtying processes. Some of the minerals 
and dncnyino plant and oninal mattE?r serve as food for aquatic life. Aquatic plants and animals are 
thus natural cloaning agents. As streams flow towards larger bodies of v/ater they mix air back into 
the water, esoecially if the stream is turbulent, This replenishes the water with oxygen It lost 
because of the bacteria decomnosing the organic matter, Once the v/ater reaches a bigger body of 
water, a pond or Itika or ultimately the ocean i the quick pace of the hydrologic cycle slows down* 
This provides an onportunity for the sodlir-ent carried alnnq in streams to separate out from the 
lightor weight water by dropping to the bottom of the pond, lake or ocean. Here gravity pulls 
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down the heavier material, thus leaving the water on the wuTfac& mch clearer. The final 
natural purification step occurs when water from the clearer surface evaporates Into the a1r as 
In # 7 on guide sheet # 19, Since water becoTOS gaseous - in the fonn of water vapor - under condi- 
tions different from the minerals and other rraterials it carries, when v/ater evaporates it leaves 
behind its IniDuritles, Water vapor Is the purest v^ater 1n nature, and that is why the hydrologic 
bigins with pure water when rainfall from that water vapor falls to the earth* 

When man uses land in his various ways, he influences the hydrologic cycles own quality control 
by adding to the natural pollutants and retarding nature's own cleansing processes. We will now 
consider how man*s use of land can overload the natural system by discussing soine specific examples. 

For example, consider what happens when man cuts trees from his forests* Vftiile timber is growing 
forests reduce the surface runoff by intercepting the surface flow, by "drinking" up ground water so 
that the trees can grow, and by evapotransplration. When timber is cut, the surface runoff increases 
In quantity and in speed* This causes greater soil erosion than when trees are left standing. This 
In turn causes water to be dirtied by sediment. The surface runoff also contains less oxygen, be- 
cause there are no trees to shade the surface water from the heat of the sun and hotter water holds 
less oxygen 

Using land for agricultural purposes has its hazards for the quality of water in the hydrDlogic 
cycle also. Cultivated land is subject to the same problems of erosion as forested lands. In ad- 
dition, however, the fertilizers and pesticides used to help generate good crop yield present their 
own difficulties. These materials arc carried into the ground water flow by rainfall which conblnes 
with them and then infiltrates the soil. Pesticides In the hydrologic cycle can attack unintended 
targets and kill off Important and beneficial organisms* Fertilizers may aid the growth of living 
things in the aquatic environment by stimulating algae growth* But, it may ultlnately be destructive 
because it disrupts the natural ecological balances of the body of water. For example. If fertilizers 
cause algae to grow In great spurts, these algae may endanger other aquatic life by taking too much 
of the oxygen in the irmiediate environment. When the nitrate rich fertilizers are used and the 
fields drain into public v/ater supply » v/ater may become undrinkable because high concentrations of 
nitrates can be toxic* Agricultural use which Includes animal husbandry poses an Idditional problem. 
For example, animal excren^nt in pastures, may also be carried into the hydrologic cycle by rain which 
combines with or carries along the waste Into streams or ponds. Animal wastes also contain a high 
amount of nitrates, and where such wastes are concentrated In a small area such as a feed pen, 
they pose a substantial threat to the potability of water, 

The land use with the greatest deleterious impact on water quality by a substantial margin is 
industrialization. We are now going to consider the many and various ways in which urbanization in- 
fluences water quality. It is helpful In such consideration to identify two different tynes of in- 
• fluences. Sources of pollutants which can be clearly and distinctly identified are called point 
sources. Sewage treatment plants. Industrial discharge, and sanitary landfill are examples of 
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point source ponution. Sources of pollutants which cannot be so easily Identified are called 
"non-point sources''. Examples of such sources are sedlfrent from erosion » street runoff, and 
septic tank effluent. 

Turn to slide # 11, S. # 

Let's look first at pollution by point sources. Municipal sewage treatment plants generate 

several kinds of pollutants, depending on v/hat cheiTiicals are used to treat the sewage. In any 
case, organic wastes are put out into the hydrologic cycle* These organic v/astes are broken 
down and purified by aquatic organisms. Organic wastes have a high biochemical oxygen demand 
(BOO), This means that the bacteria which decompose and purify these wastes use a great deal 
of oxygen to perfonn their natural function. Large concentrations of such wastes overload the 
natural balance of the system. If the bacteria get the oxygen they need^ this reduces the 
oxygen availabla for other organisms. If the other organisms take the oxygen then the effici- 
ency of the bacteria is reduced. This delays the purification of the wastes v/hich thus pro- 
longs the pollution that occurs. This pollution by organic v/astes is often only a part of the 
pollution by sewage treatment plants. When communities combine storm sewers which collect storm 
water from their streams with their sewage treatment plants, other ponution occurs. The oil 
and dissolved heavy metals which are cdllected by storm runoff are often not effectively treated 
by the sewage treatment, or even when they can be adequately treated they may occur in too high 
a concentration. Or, the combined quantity of sewage and storm water may be too much for the 
plants capacity. In any of these situations, the pollution problems of the sewage are compoundsd 
and there is additional pollution from the oil and heavy metals v/hlch cannot be adequately sepa^ 
rated from the v/ater the olant releases. 

Sewage treatment plants generally dispose of their final products in streams or rivers. This 
moans that the actual polluting imcnct of the treatment plant depends in oart on the size and 
speed of flow of the receiving stream or river. The larger the river the more able it is to di- 
lute the pollution it receives to a lower concentration. Pollutants at a lower cQncentration 
can then be removed by natural processes. For this reason it is Important to preserve the base 
level of stream flov/s by assuring adequate ground water recharge. 

Industrial discharge causes problems similar to sewage treatment plants. The most perva- 
sive dlfferencG is that industrial wastes may be composed of a varied and complex mixture of 
pollutants. The type of pollutants these discharges put into the hydrologiG cycle depend on 
the particular industry. Some of the by-products of the industrial processes may have a higher 
toxicity than natural wastes. Since toxic industrial discharges are emotied into bodies of water 
this moans that industrial wastes may pose an even greater threat to water quality than sewage 
treatment waste. 

Meat may be a particular pollutant of an industrial discharge plant, as of generating or 
power stations as wsll. Watnr that carries away heat is warmed. Wann water can hold less dis- 
solved oxygen. Thus, wator with a lower dissolved oxygen contRnt is loss able to maintain the 
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organisms that are needed for the natural purification process. Indirectly, heat In water 
causes a decrease in water quality. 

On guide sheet I 21 there is an niustration that will help explain the connection between 
a sanitary land fill and water quality. Sanitary landfms are more of a danger to the quality 
of ground water than of surface runoff or of striam water. In a sanitary landfill, waste is placed 
on top of land* After a rainstorm, water passes to the ground through this waste. The water picks 
up and dissolves some of this waste* As with water which has dissolved pesticides, fertlli^efs, or 
Other mineralsi these wastes, called leachate* then Infiltrate the ground water* These infiltrated 
pollutants may then reach the ground water from which a well draws its water* This situation is 
shown In guide sheet # 21* The severity of this pollution depends on fte depth of the water table 
below the landfill, the permeability of the soil and the contents of the landfill, The deeper 
the water table and the less penmable the zone of aeration, the more opportunity there Is for the 
water to He naturally prulfled before it reaches the water table from which v/ells draw their water* 
The more toxic the landfill contents the more purifying activity that must take place In order to 
maintain the high quality of water* 

Such groundwater pollution is a particularly vexatious problem* because it may take years 
for this pollution to show up and be traced to its source. By this time the pollution has spread 
far beyond its source and may therefore be difficult to alleviate In all its Instances* Further- 
more, becuase the aquifer has been thofoughly polluted for a period of years it can be years a- 
gain until the aquifer is purified naturally and therefore usable again. 

These problems can be avoided. by proper selection of a landfill site in conjunction with 
test wells to monitor the quality of the ground water. Obviouslyi the landfill should not be 
placed above Important aquifers, For further discussion of the siting of sanitary landfills 
refer to the Synthesis - Buildability .^-T u^it. 

Yet another potential source of pollution of ground water supplies 1s from highv/ays and 
streets, through spillage of contaminants and from de-icing salt applied during the winter 
months* Spillage of large volunies of liquids from tank trucks as a result of traffic accidents 
poses a serious threat because a large slug of contaminant can be injected into ground v/ater 
recharge systems* Leakage of fuels from underground storage tanks, used in all filling stations 
Is a related source of possible contamination* 

Both the State and Federal governments are concerned about point-source pollution and have 
instituted programs to prevent more pollution by these sources* A comprehensive treatment of 
such programs is given in the units concennlng State and Federal ImDlernentation, It can be men- 
tioned here, however, that the basic thrust of federal legislation 1s to require individualSi 
business or corporations in charge of point source polluters to obtain a permit to engage in 
their operation. Since there are requirements which must bo met to get a permit ^ the Federal 
government in conjunction with the State government Is then in a position to regulate the pollut- 
ing capacity of these point-source pollutors, 

id 
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Nofi point sources of poliution are no less common i but they are more difficult to Identify and 
therefore more difficult to control than point source Dollutors. Take for example, the everyday 
street runoff after a rain* In an area v/ithout storm sewers, the water which falls on streets 
runs off into drains and ditches, which take the water to a nearty strearn. Since this rain picks 
up the oil; grease, dirt, salt, organic matter and even small bits of heavy metals that lie on most 
streets, these pollutants are also led to the nearby stream in the storm water runoff. They are 
not treated at all before they get into the hydfologic cycle, so it takes more natural energy to 
neutralize their deleterious effect on the quality of water. If the drains and ditches lead to 
a lov/ spot of ground instead of a stream, then these pollutants Infiltrate the soil along with the 
water. The suspended pollutants - oil, dirt, organic matter - may be removed as the water passes 
downward, but dissolved pollutants like ehlorides from road salt reach the ground water* As 
stated above, polluted ground water poses a particularly vexatiois problem. 

Septic systems and leaky sev/er pipes are a common non-point source pollutor. If you are 
not familiar with how a septic system v^orks, refer to the Geosystenis unit which gives a full 
description of the operation of septic systems. A diagram of a septic system is presented on 
guide sheet § 22. The basic operation^ depends upon absorption of the wastes by soil. V/here 
the permeability of the soil is less than adequate, or the land sloDes more than 15f^ or the 
maximum water level 1s less than 18 inches below the tile field, or the absorption fields are 
within approxinately 50 feet of a stream, or there is not a sufficient denth of soil before 
rock is reached (about 4 feat with average soil) pollution results. In these cases, the soil 
is not able to properly filter out the bacteria, nitrates , ohosphates and other organic wastes 
before the overflow froni the tank reaches the ground water or a stream. The hydrologic cycle 
then receives water of lo*// quality at these points. In places where the water table rises sub- 
stantially during the wet season, or where the soil has a very sT^ absorption rate, the over- 
flow can surface on top of the soil. This not only smells bad, but It also attracts flies and 
insects which breed disease. Hater flowing over the surface or leaching the pollutants back 
into the ground then be cone a more hazardous source of pollution. 

Erosion is a problem which is not often thought of as affecting the hydrologic cycle. More 
often it is thought to be caused by flooding or heavy runoff, vihlch carries soil from exoosed 
and unprotected areas to be taken away by the rushing water, l^/hiie it is true that water causes 

erosion, the other side of the relation between erosion and the \^drologic cycle is that erosion 

" 0 *s 

seriously threatens the quality of v^ater in the cycle. Guide shf^t I 23 lists this and other 

effects of erosion and the sediment which results from it upon tfef water cycle and its related 

aspect. 

Let's consider how erosion occurs and how it causes these effects. The construction In 
slvJe 12 shows a CQmcm practice of clearinq veqetation from ih^ site by extensive grading, # 
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cutting and fining. This lack of vsgetatlon leaves the so'll bare so that rain or surface run- 
off can briak soil particles loose from others. These separated particles are then carried off 
by the surface floWj leaving behind a weakened soil surface, fiot only does vegetation protect and 
hold the soil togetherj it also takes up some of the rain or surface runoff for Its own growth 
This reduces both the volufrie and soread of the surface flow, thus making It more difficult for the 
water to dislodge the soil particles. Out, when soil particles are dislodged and carried along, 
the Sidlefnent eventually muddles or dirties a nearby stream or body of water. 

The amount of erosion that occurs depends on many factors - the size of area cleared, the 
steepniss of the slope, the porosity of the soil, and the Intensity of the rainfall or surface 
flow, 

The amount of pollution that such erosion produces will depend then on whether this sediment 
carried by the surface flow reaches a stream or water body* If the cleared area Is below a water 
course, or If vegetation exists on land bordering the cleared area which is enough to interfere 
v/ith or slow the flow of sediment, the water course will not receive the pollution, Howevert re- 
rnember that once erasion in one area begins, it tends to expand , Each bit of erosion weakens the 
soil that is left and thus makes erosion more probable in the future. When an area Is severely 
eroded the surface water flow meets little resistance so its velocity increases as In slide # 13. 
A previously vegetated area next to a highly eroded area may thus become a potential target for 
erosion if the eroding waters rush across it with strong force. 

The basic way to prevent the haniiful effects of sediment upon the water cycle is to 
avoid erosion. Here then is an example v/here water quality can be maintained by controlling 
another asoect of the hydrologic cycle. If water is diverted from flowing over steep and 
cleared areas, and if large land clearance is avoided or minimized as Is oossible and revegeta- 
tion Is accomplished as quickly as Dossible, less erosion will occur, Where these things can- 
not be done, the effects of erosion that does occur can be minimized by slowing the flow of sur- 
face runoff carrying sediment and by traDpIng sediment. This is accomolished by planting and 
maintaining borders of vegetation along stream beds, by graded terraces along a slope, or even 
by sediniant basins. 

Each Dlan must include a program to regulate the ^'location, modification and construction 
of any facilities" (Dmphasis added) within the planning area which may result In the discharge 
of any effluent In the area." The tenn ''facilities'' is not defined in the law, but this pro- 
vision appears to require a land-use rDgulation program for all point-source development within 
the planning area. It also requires control over the construction process; hence, it must regu- 
late the non-point Dollution stenrilng from construction of point sources, 

It is the intent of this section to identify various rnethods of land use control which the 
local governments and the management agency of the 200 program can utilize to control pollution. 
This win enable the area to make tradeoffs between structural solutions (e.g., treatment facilities) 
to pollution problems and nonstructural solutions such as land use, thus increasing flexibil ity 
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in the choice of methods used to achieve water quality standards. The 208 planning process 
seeks to balance all measures of nollution control in such a manner as to achieve the best 
mix of all measures as determined by direct cost, environfnental , social and economic considera- 
tions. 

In essence, Section 203 of the Federal Hater Pollution Control Act requires basin areas 
to plan in advance for new and existing v/ater oollution created or fostered by existing or 
planned land uses. This Droqram has only recently begun to be imolemented but has the potential 
of being an effective tool 1n the land use decision making process* 

Planning to prevent water pollution can have unexpected side effects on land use. The 

Federal governmenti throuoht the EPA, has financed many miles of interceoter sewer constructions 

in hopes of alleviating water Dollution frpm sewerage* A recent executive branch report con- 

eluded, " However, this is not to say that the building of Interceptors has no influence on 

housing develonment oatterns. The avanability of sewers is an incentive to develosment, and 

the routing, sizing and timing of new InterceDtor construction can be a valuable tool for guiding 

residential land use as nnrt of a comnrehensive master plan* But in order for this to be effective 

land use and sewer olanning must be more effectively coordinated than they are at present. If the 

federal government wishes to encouraae careful land use planning and control at a local level. It 

extent 

can begin by evaluating the to v/hlch the current design. reyiew and aooroval process for federally 
financed InterceDtors takes into account the land use implications of sewer construction." 

In addition, the study concluded that municinali ties were building unnecessarily large and 
extensive sewer nrojects in response to local develoDment Pressure. Interceptor lines are 
sized with tremendous excess caoaclty and designed to serve the ultimate, highest density 
population anticipated for large service areas containing large tracts of vacant, developable 
land* The reoort raised the question - Does such sewer construction make land use and popula- 
tion projection self-fulfilling? (Pause - quiet) 

Before concluding the hydrosystem uniti consideration of the hydrosystem in direct rela- 
tion to land use decisions is in order* Turn to slide ? 14* The slide of the for sale sign ®* ^ 
in a flooded area may evoke a smile to some but to others water Is a serious problem in rela- 
tion to thoir land uses. Problems can vary from lack of fresh water in a well, to contamlnatGd 
ground water, to flooding or to inoDerativQ septic systems. The hydrosystem is an imnortant 
aspect of land use decision making. 

To summarize the Imollcations of the hydrosystem on land use decision making, an outline 
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has been prenared on guide sheet -^24 containing imnortant hydrpsystem considerations. The out- ^ d'k 
line explains the rationale for each consideration as well as indlcatinq the need for protec- 
tion ^ the existence of rGgulcUfons, and the notential for higher development costs. It will be 
useful to refer back to the outline ns you are synthesizing the considerations from other units 
to make your land use decision. 
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It Is now time to conclude this unit on hydfoloay. In' doing so, let's look in a more 
genefal way at the erosion we have just learned about. Erosion and sedimentation are caused 
by the Quantitative asnect of the hydrologic cycle as it interacts with particular land uses. 
During the building of urban dwellings or conmercial buildings, land is used in such a way to 
make It vulnerable to uncontrolled natural water flow. The consequence of this vulnerability 
Is erosion and sedimentation, which has handful effects of both the land and the quality of 
water In the hydrologic cycle. Where man injects himself into the hydrologic cycle by his land 
use decision he must resDonsibly confront the effects of his Intervention, Barry Comnoner's 
fourth law^ states this more concretely: 'There's no such thing as a free lunch*" Thus if 
he desires to keep his water clean for drinking * swinming and even boatings ^nan must control 
his intervention and also learn how to act symDatheticany with the natural hydrologic cycle. 
In the case of preventing erosion and sedimentation at urban construction sites, this means 
not building on vulnerable sites* not clearing away more vegetation than Is absolutely neces- 
sary, replacing the vegetation he temnorarily removes and making extra artifical structures 
such as drainage ditches and sediment basins in order to supoort v/eakened natural resistance 
to erosion, ^ 

Where man outs stress on natural Drocesses, he must suDoort those processes during the 
time of his Intervention, V/hat man takes from nature he ultimately must put back, even if in 
another form 

This concludes the hydrology unit. Thank you for following the flow of water as it oasses 
through the hydrologic cycle. 
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